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PREFACE 



The Physics Survey Committee was appointed by the President of the 
National Academy of Sciences in mid-i969 to survey the status, op- 
portunities, and problems of physics in the United States. Volume 
I of Phyricr^ in Pc:r3p(3ativc constitutes the full report of the 
Committee. This and the companion parts of Volume II, complete the 
report of the survey. 

The Survey Committee early concluded that it was essential that 
it obtain detailed infonnation from experts in each of a number of 
physics subfields and interface areas. For each of these subfields 
and interface areas a chairman was appointed by the Chairman of the 
Survey Committee, and groups of recognized experts were brought 
together to survey and report on their respective subject areas. 

Several of the subfields have relatively well-defined and 
traditional boundaries in physics. Included are the core subfields 
of acoustics, optics, condensed matter, plasmas and fluids, atomic, 
molecular, and electron physics, nuclear physics and elementary- 
particle physics. The reports of these panels constitute Part A of 
Volume It. In addition, there are several important interface 
areas between physics and other sciences. These are examined in 
Part B of Volume II. In the case of astronomy, where activity is 
particularly vigorous at the interface and is overlapping, the 
Physics and Astronomy Survey Committees agreed to form a joint 
panel that would report on astrophysics and relativity, an area of 
special interest to both. The broad area in which physics overlaps 
geology, oceanography, terrestrial and planetary atmospheric studies, 
and other tinvironmental sciences was defined as earth and planetary 
physics, and a panel was established to survey it. In covering 
the physics-chemistry and physics-biology interfaces, the broader 
designations "physics in chemistry'' and "physics in biology" were 
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i.'onyLTti ilorrluK, Chairman of the Statistical Data Panel, who saw 
this effort through to completion and to others who assisted i.n 
tho fV'itherLn^; and analysis of the statistical material that forms 
tho basis for this report. 

Support for tho survey activity has been provided equally by tho 
Atomic Knergy Commission, the pepartment of Defense, the National 
Aeronautics and Soace Administration, and the National Science 
Foundation. Additional assistance has been provided through grants 
from the American Pliysical Society and from the American Institute 
of Physics. 

To these agencies and to other organi::ations and individuals who 
helped to make this survey possible through their contributions, I 
express both my personal thanks and that of the Committee and its 
panel.s . 



D. ALU\N BFDMLEY, Chairman 
Physics Survey Committee 
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I 

INTRODUCTION 



I.l Nature of This Report 

When the Physics Survey Committee was established by the National 
Academy of Sciences in 1969, it was decided that among its numer- 
ous panels there should be one charged with coordinating the col- 
lection and analysis of statistical data relating to the sociology 
and economics of the physics enterprise. The reasons for setting 
up such a panel were of two sorts, which may be categorized as 
"internal" and "external." To make the work of the Survey Com- 
mittee internally consistent, the various subfield panels obviously 
needed to adopt uniform definitions and, whenever possible, to ob- 
tain data from comparable sources. Moreover, the gathering of data 
from external organizations, such as government agencies, indus- 
tries, and universities, obviously could be carried out more ef- 
ficiently and with less inconvenience to these organizations by a 
single Data Panel than by many independent subfield panels. There- 
fore, as much of the gathering of socioeconomic data as possible 
was to be channeled through the Data Panel, 

In addition to its primary function of serving the Survey Com- 
mittee and the subfield panels in the manner just described, it 
was also thought that, after the data needed by these groups had 
been collected and turned over to them, the Data Panel might pre- 
pare an exhaustive and systematic compendium of data relevant to 
the functioning of the physics community. If such a compendium 
could be prepared, and periodically updated, it would be tremen- 
dously useful to physicists, research and educational organiza- 
tions, government agencies, and the like. Unfortunately, this 
report is not the compendium that was envisaged. The demands on 
•the time of the Data Panel and its staff proved of longer duration 
than had been anticipated, and almost no time was left for a 

1A67 
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leisurely assembling of data on a large scale. Moreover, funds 
available to the Survey were limited, and it seemed wasteful to re- 
publish data already presented elsewhere, especially in the earlier 
volumes of Physics in Perspective^ merely to have all the data pre- 
sented together. 

The philosophy adopted for this report is, therefore, not. en- 
cyclopedic but rather a philosophy of making publicly available, 
in as orderly a manner as possible, those '^ems of data in our pos- 
session that*may be of interest to the phy^i.^s community and others 
and that have not been presented elsewhere. Because of the latter 
condition, the resulting collection is something of a hodgepodge. 
We have tried to ameliorate this situation to some extent, however, 
by occasional cross-references to data presented in other volumes 
of Physics in Perspective, and by including, in Chapter V, a con- 
densed but we hope usable index to data presented in the figures 
and tables of this and the other volumes. 



1.2 Sources of Data 

1.2.1 TYPES OF DATA AND SOURCES 

Most, though not quite all, of the data of interest to us are 
represented by numerical values of some dependent variable z/, 
shown in their dependence on one or several independent variables 
X, which may or may not be identified by numbers. One encounters 
the following types of dependent variables y: 

1. People: i.e., numbers of persons or fractions of some popu- 
lation. Thus, the entry in a table or the ordinate of a figure 
may be "number of physicists," "number of students," "fraction of 
respondents," etc. 

2. Money: Typical quantities tabulated or graphed are dollar 
amounts of support, salaries, costs, etc. 

3. Publications: i.e., such things as number of papers, frac- 
tion of papers, number of books or reports, etc. 

A. Miscellaneous: The number of quantities other than the 
three types mentioned above, for which numerical data can be given, 
is of course large. They can be as diverse as "average age," 
"maximum voltage of accelerators," "time lag between submission 
and publication," etc. However, it is not unreasonable to group 
all these together in a miscellaneous category, as all such items 
together seem to constitute a rather less bulky fraction of the 
material of interest to a study such as ours than do the three 
preceding categories. 

We shall use these four categories as the basis for the organi- 
zation of our index in Chapter V. Table I.l gives some crude in- 
dicators of the relative bulk of material one is likely to en- 
counter in each of these categories. The top row of figures re- 
fers to an extensive bibliography of sources of data about physics 
and physicists compiled a few years ago for .the American Institute 



14 



In tvoduct ion 1 A 6 9 



of Physics (AIP) by Professor A. L. Harvey.* Here, the numbers 
represent the number of documents the principal emphasis of which 
is on data of each of the four types. In the other rows of 
Table I.l the entries represent numbers of figures and tables, the 
ordinates or entries of which represent data of each of these types 
In sheer bulk, it appears that in all cases data on people are the 
most voluminous. 



TABLE I.l Distribution of Data in Various Collections over Four 
Major Categories 



Number of Items 
Presenting (or 

Emphasizing) Data Category 



of Each Category People Money Publications Misc. 

Ibcuments referred to 33A 73 -5 17A 

in the Harvey Report 

Figures and Cables in 18A 184 40 122 

PhysicG in Per^npective 
Vols. I, IIA, IXB 

This volume, excluding 168 21 29 18 

Appendix 



^From its "Index by Data Category." The numbers add to consider- 
ably more than the 220 documents indexed, because many documents 
contain important data of more than one type. The entry b in the 
publications column is a guess based on scanning titles of docu- 
ments . 

Usually the interest of data of any of these -cypes lies in its 
dependence on various auxiliary variables. The important cate- 
gories of such variables are the following : 

1. Time. It is nearly always of interest to know how any givei 
quantity has been changing over the years. 

2. Discipline or type of activity. One may compare physics 
with other sciences and subdisciplines of physics with one another 

or contrast basic research with applied research, with teaching, 

etc . 



*Harvey, A. L. Statistical Data Resources of Physics and Physi- 
cists: An Index, New York, N. Y. : Education and Manpower Divi- 
sion, American Institute of Physics (Pub. R-228) , 1970. 
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3. Geographical or institutional entities. For example, one 
may compare different countries with each other, universities with 
industrial or government laboratories, research funded by differ- 
ent agencies, etc. 

4. Characteristics of persons. When the dependent variable y 
is a number of people or a fraction of a population, it can be 
'presented as a function of various other characteristics or quanti- 
ties besides the ones just named. Examples are age, sex, posses- 
sion of certain degrees, academic rank, etc. Table 1.2 shows the 
extent to which each of these various types of independent variable 
has been used in the figures and tables of this report and in those 
of the earlier parts of Physics in Perspective, 

TABLE 1.2 Frequency of the most Important Types of Independent 
Variables in the Figures and Tables of this Report and of the 
Earlier Volumes of Physios in Perspective^ 



Type of Independent Physics in This Volume (Exclud- 

Vnriable Perspective ing Appendix) 

Vols. I, IIA, IIB 



Time 

Discipline or activity; 
Field of science 
Type of activity 
Geographic or organi- 
zational: 

Geographic region 
Working institution 
Source of support ■ 
Personal characterip^?*"^! 
Age 

Degree or rank 

^Mumber of figures or tables in which entries for two or more val- 
ues of the independent variable are compared. 

Data of any of these types can be obtained from a variety of 
sources. Many of the data of interest for a study such as ours 
can be acquired by consulting tabulanions rhat have been prepared 
by various other organizations, especially those of government 
agencies. We shall discuss some of these sources briefly in Sec- 
tion T.2.2. Here, we wish only to classify the means by which the 
original gathering of a mass of data can be performed. Among the 
many possible sources of data, three are of particular importance 
for the type of material of interest to us; 



515 

449 
24 



462 
107 
64 

IV 
112 



235 

232 
23 



228 
111 
50 

23 
148 
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1. Individuals. Questionnaires filled out by individuals con- 
stitute an e.'.pecially important source; we shall discuss their 
utility and limitations presently. Alternatively, one can gather 
information from individuals by interviewing them in person or by 
impersonal observation. 

2. Organizations. Organizations, private or governmental, 
have statistics and records that can be used as data sources either 
by examining them directly or by asking officials of the organizar 
tions to fill out questionnaires. 

3. The scientific literature. Unlike many other objects of 
socioeconomio^study, a scientific discipline like physics leaves 
a record of much of its most important activity in the form of 
journal articles and other publications. These are, in turn, col- 
lected and indexed in the secondary literature. Thus research 
journals, abstract journals, and the like provide an extraordin- 
arily rich mine from which to extract information on many subjects: 
for example, who is doing physics where; how different subfields 
and disciplines interrelate; or how much impact certain types of 
physics work have and where it is felt. 

Questionnaires deserve a special comment. Those mailed to 

*thousands~"af~tndlvlduals- caTr"prov±de- copious- St atist ics^~ in- which 

random fluctuations are minimized. But, unless they are intelli- 
gently managed and carry high prestige, the percentage of nonre- 
spondents is apt to be high, and one must then worry about whether 
the nonresponding population has the same statistical character- 
istics as the responding population. One should also think of the 
cost to the nation represented by the expenditure of time required 
from those who fill out the questionnaires. For example, it has 
been estimated that the time invested by respondents in filling 
out the forms for the 1970 National Register of Scientific and 
Technical Personnel could well have been of the order of $2 mil- 
lion.* Thus a sensible policy is to use large-scale question- 
naires sparingly, restricting them to cases like the National 
Register (unfortunately now discontinued) in which comprehensive 
data are of vital importance and in which the prestige, regularity, 
and good management of the enterprise combine to ensure a high 
level of response. Similar considerations apply, though slightly 
less strongly, to comprehensive questionnaires circulated to all 
organizations of a given type, for example, to all university 
physics departments. Such questionnaires tend to be more compli- 
cated than those circulated to individuals, and although the num- 
ber of recipients is smaller, they are apt to be very busy people. 



*Testimony of C. Herring before the Subcommittee on Science, Re- 
search, and Development, Committee on Science and Astronautics, 
U.S. House of Representatives, February 29, 1972. 
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The loss if they fill out the questionnaire sloppily can be great. 

Many types of data can be collected more quickly and efficiently 
by sampling techniques. The success of public opitt^°^ polls in 
this country attests to the effectiveness of such itj^thods for even 
quite large-scale surveys. 

In our work we have made use of existing data sc7^^ces whenever 
possible. The following section is devoted to a b)^i^^ discussion 
of some of the more important of these. However, v/^ foun^ it neces- 
sary to collect a considerable amount of new data. Our philosophy 
in doing this, and a list of the major data-gathering projects we 
undertook, will be given in Section 1.2.3. 

1,2.2 PRINCIPAL OLDER SOURCES 

We have mentioned briefly the Harvey Report,* a r^^\^er comprehen- 
sive and quite useful bibliography of sources of 60^^ about physics. 
This report, prepared at the AIP during 1969, witb t^be support of 
the National Science Foundation (NSF) , describes so^^ 220 documents, 
Issued by government agencies, learned societies, other groups 

in the United States since 1960, plus a few foreigrv items or items 
of earlier date that are of particular value. The coverage is in- 
tended to be fairly exhaustive for manpower, educat;i°^al » and fund- 
ing data assembled in this country in the 1960»s. As we have seen 
in Table I.l, however, coverage of data on publications w^s appar- 
ently not attempted. Practically all the document^ referenced are 
available in the files of the AIP. The report alsc? ^Ucs a number 
of earlier indexes and bibliographies. 

Having directed the reader to a fairly complete source of infor- 
mation about earlier collections of data, we may no"^ limit our men- 
tion of particular collections of data to a few tb^*^ Have proven 
especially useful for the work of the Physics Survey Committee. 
We shall group these according to type of source opsonization. 

Goveryment Documents. Since the early 1950's, NSF has is- 
sued annually Federal Funds for Research^, DeveloptTi^^'^j and Other 
Scientific Activities. Obligations incurred by th0 various federal 
agencies for the support of basic research, appli^ti research, and 
development in the various fields of science and ^tiS^^eering are 
listed for each of three consecutive fiscal years, the latest of 
these being .represented by the budget submitted to Congress but not • 
yet passed. The degree of detail provided can be indicated by the 
following remarks: Some data are given only for '^nysical sciences, 
others for a finer subdivision, in which physics broken down into 
four subfields; performers of the work are separated into intramural 
government organizations, industrial organizations, federally funded 
research and development centers, colleges and universities, non- 
profit organizations, and foreign organizations; tor the funding 
entities, several subagencies are listed for the Departments of 
Defense and Health, Education, and Welfare and oth^r large depart- 
ments, although the Atomic Energy Commission (AEC) , the NSF, and 
others are not subdivided. Although valuable as a general guide 
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to the pattern of government support:, this publication has a number 
of limitations that should be borne in mind. The separation into 
basic research, applied research, and development is based on the 
motivation for the work being pursued; the distinctions are neces- 
sarily somewhat ambiguous and may be interpreted differently by 
different agencies when they report their figures to the NSF. (In 
Section III. 1.1 we shall present our philosophy on the separation 
of "research" from "nonresearch. ") The subdivision of physics is 
not as detailed as was needed for the work of the Physics Survey 
Committee. Most serious of all is that there is no effective super 
vision of the judgments made by the different agencies in reporting 
their figures. We shall see in Section III. 2. 2 that a quite unrea- 
sonable picture can sometimes result from taking the figures at 
their face value. 

Another important publication of the NSF, biennial until 1971, 
has been American Science Manpower. This was a tabulation of data 
collected by the National Register of Scientific and Technical Per- 
sonnel. In its detailed tables, scientists are divided by disci- 
pline (physics, chemistry, etc.), and occasionally by subdiscipline 
(acoustics, nuclear physics, etc.). For each discipline, scien- 
tists are further subdivided according to the most important pairs 
of the variables age, highest degree, employment status, type of 
employer, primary work activity, years of professional experience, 
major subject of highest degree. Extensive data are also given on 
median salaries, reographical distribution, number receiving feder- 
al support, and . ew other characteristics. The only shortcomings 
of this compilation for our purposes are that since it covers so 
many disciplines it cannot give as much information about physics 
as was needed for the work of the Physics Survey Committee. More- 
over, the subfields used although comparable in size with those of 
the Physics Survey Panels are not identical with them, 

A third publication of the NSF is the annual National Science 
Foimdation Grants and Awards j which lists, by field of science, 
state, institution, and principal investigator, the titles, dura- 
tions, and dollar amounts of all grants and awards for research 
and other science-related activities. Some totals appear in the 
NSF's internal Databook. 

Similar to this publication is the quarterly one, NASALS Univer- 
sity Program^ issued by the Office of University Affairs of the 
National Aeronautics and Space Administration (NASA). Here again, 
titles, institutions, principal investigators, durations, and a- 
mounts are given for all grants or contracts supported by NASA in 
universities. The different disciplines are separated, as are the 
different NASA subagencies responsible for funding. 

The AEC issues annually A Statistical Simnary of the Physical 
Research Program j which gives data on manpower, publications, and 
funding for work in federally funded research and development cen- 
ters, educational institutions, research institutes, and industrial 
laboratories. The data are subdivided according to eight AEC dis- 
cipline categories, and various other statistics are given. 

Although their data are rarely broken down to as fine a special- 
ty as physics, the compilations of the Bureau of Labor Statistics 
are of especial interest in that they are obtained by intensive 
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surveys of the civilian economy and are independent of such cowimon- 
ly used other sources as the National Register. Of particular in- 
terest in connection with demand extrapolations is their bulletin 
1648, PhD Scientists and Engineers in Private Industry 2968-80, 

Publications of the American Institute of Physics, The Physics 
Manpower series, published every few years by the AIP , provides a 
convenient assemblage of statistics from the National Register, 
U.S. Office of Education, National Education Association, and other 
sources, most notably the data collected by AIP from physics depart- 
ments throughout the country. Over half is devoted to physics edu- 
cation. Data on employment of physicists are broken down by salary, 
work activity, type of employer, highest degree, age, and subfields, 
much as in American Science Manpower, However, the data on physics 
are much more accessible and are often presented in graphical form. 

The annual Directory of Physics and Astronomy Faculties lists 
all North American colleges and universities, with the names and 
ranks of all faculty members in physics, applied physics, and astron- 
omy departments. This information is obtained by direct contact 
with the departments involved. 

The AIP has also issued some useful studies of the literature of 
physics, most of which are not indexfid in the Harvey Report. Two 
studies of particular value are Journal Literature Covered by 
Physics Abstracts in 2965^ by S. Keenan and F. G. Brickwedde (Re- 
port ID 68-1,, 1968) and Institutional Producers of Physics Research^ 
by M. Cooper and H. M. Watterson (Report ID 69-3, 1969). 

Publications of the National Academy of Sciences- National He- 
search Council. The Office of Scientific Personnel of the National 
Research Council maintains a Doctorate Records File containing de- 
tailed information gathered, with the cooperation of graduate 
schools throughout the country, from essentially all recipients of 
doctorates in the United States. Extensive data from this file 
have been presented in Doctorate Recipients from United States Uni- 
versities 2958-2966 (NAS publication 1A89, 1967) and in supple- 
mental yearly summaries issued since. Geographic and institutional 
distributions are given in considerable detail. Although most ot 
the data are broken down only into major disciplines (i.e., physics, 
chemistry, earth sciences), some 14 subfields of physics, unfortu- 
nately not identical with those of the panels of the Physics Sur- 
vey Committee, are separated in the totals. Of particular interest 
is the inclusion of information on initial postdoctoral employment. 
A study directed especially to this subject is Employment of New 
PhD' 8 and Post-Doctorals in 2972 (Report OSP-MS-5, 1971). This 
study was based on rather detailed special questionnaires sent to 
academic departments. 

A number of extensive studies have been made by the Office of 
Scientific Personnel based on questionnaires to samples drawn from 
known doctorate recipients of past years and designed to explore 
the subsequent development of their careers. These studies report 
extensive data on geographical migration, salaries, types of em- 
ployment, and the like. However, discipline specialization of the 
data is usually not on a fine scale, and many figures are reported 
only for "physical sciences.'* 
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Two studies, similar in nature to that of the Physics Survey 
Coramittee and in closely related fields, have been in progress al- 
most simultaneously with ours, and each has also made use of a data 
panel. One is that of the Astronomy Survey Committee, whose data 
gathering is described in Astronomy and Astrophysics for the 1970^s: 
Volume 2, Reports of the Panels^ Chapter 9 (NAS, 1973). The other 
is that of the Committee on the Survey of Materials Science and En- 
gineering, whose Summary Report is to be published shortly by NAS, 
and whose subsequent detailed report is expected to contain an ex- 
tensive section on manpower, funding, and literature data for the 
materials field. 

Miscellaneous Sources. The Organization for Economic Coopera- 
tion and Development (OECD) , whose membership consists of most of 
the nations of Western Europe plus Japan, Canada, and the United 
States, has prepared a series of Reviews of National Science Policy^ 
which surveys science and technology in various leading member and 
nonraember countries. Although the data are nearly all Ijrom offi- 
cial or other public sources, and are rarely specialized to as fine 
a scale as physics, they are sometimes discussed with useful criti- 
cal insight. The studies are also of value simply because they try 
to discuss many countries from a unified point of view. The OECD 
has also issued a series' of Statistical Tables and Notes on re- 
search and development in member countries that contains much in- 
formation on manpower, funding, and organizations in the govern- 
mental, industrial, educational, and nonprofit sectors of the var- 
ious countries. Further valuable studies on international migra- 
tion of scientists and engineers have been conducted. 

In the discussion of material from the AIP we mentioned that 
statistics on publications in physics provide valuable indicators 
of the scale and distribution of research and the interrelationship 
of different geographic and intellectual areas. Without naming 
further data sources specifically, we would like to stress here 
the utility of many data that can be found in the documentation 
literature. Among the organizations that have sponsored useful 
collections of such data special mention should be made of the Ab- 
stracting Board of the International Council of Scientific Unions. 

1.2.3 NEW DATA GATHERING PROJECTS 

The sources of data discussed in the preceding section, though 
extensive and useful, failed to answer many questions that were of 
interest to the Physics Survey Coramittee. Manpower and funding 
data, even when broken down according to subfields of physics, have 
not been available for subfields as finely subdivided and as clear- 
ly defined as was needed. As we noted in Section 1.2.2, funding 
data from government agencies have been particularly ambiguous; 
this ambiguity is clearly apparent, for example, in the Pake Re- 
port.* There have been almost no quantitative data on the support 
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of physics research in industrial laboratories or on the output of 
these laboratories to the physics literature^, The resources in- 
vested by universities from their own funds in the physics research 
enterprise have also been inadequately investigated. And one can 
think of a host of small but intriguing questions on the sociology 
of physics to which none of the previously available sources sup- 
plies answers. Although the resources and abilities of the Data 
Panel were far too limited for it to attempt to fill all these gaps 
there obviously were many useful things that it could do. 

In Section 1.2.1 we mentioned some of the disadvantages of large 
scale questionnaires. We decided not to attempt to gather informa- 
tion from* the physics community in this way. It was clear, however 
that a rich mine of potential data existed in the tapes on which 
the complete store of replies to the National Register question- 
naires were recorded. In addition to the obvious possibility of 
obtaining more detailed tabulations and cross-correlations of data 
pertaining to physicists than had previously been published, the 
tapes offered possibilities for obtaining entirely new types of 
information. As described in more detail in Section II. 1.1, the 
replies on specialty of present employment and on additional spe- 
cialties of competence afford a wealth of information on the close- 
ness of different specialties to one another, or their remoteness, 
and provide a tool for fairly objective separation of physicists 
and their specialties into groupings corresponding to major sub- 
fields of physics, for example, the subfields to which the various 
panels of the Physics Survey Committee were assigned. In addition, 
the tapes for different years have been used to generate longitu- 
dinal files in which data from the same respondent, if he has an- 
swered questionnaires in a succession of years, are collected, 
and changes in employment, specialty, salary % and the like can be 
studied statistically. (Respondents, of course, remain individual- 
ly anonymous.) It was decided, therefore, to examine the Register 
tapes in considerable detail and to make a small-scale study of 
the available longitudinal files. 

Only one other data-gathering project of a comprehensive nature 
was undertaken. This was a survey of the records of the principal 
agencies of the federal government responsible for the support of 
physics research, to isolate the amounts of such support and allo- 
cate it to the various subfields of ohvsics, as defined by the do- 
mains of the various panels of the Physics Survey. This study was 
done through the courtesy of officials in the agencies involved, 
who worked in close collaboration with the Staff Scientist of the 
Data Panel, to ensure uniformity of definitions from one agency to 
another. However, not all agencies could be studied adequately, 
and, as we shall see in Section III. 2, a great deal of intelligent 
guesswork fortified by a variety of auxiliary studies was required 
to round out the funding picture. 

The most important of the remaining projects undertaken by the 
Data Panel were sampling studies of one kind or another. Most of 
the questions encountered were of such nature that an approximate 
answer would be enormously better than no answer at all and- that a 
highly exact answer was almost impossible to define. The speed and 
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convenience of sampling studies therefore make them especially at- 
tractive, the more so since with this approach it is often possible 
to reformulate a question after the study has begun. 

The most extensive sampling study undertaken was an articie- 
by-article survey of about A500 articles randomly selected from 
entries in Physics Abstracts. This survey was designed to reveal 
the distribution of physics rr^search activity, as it is manifested 
in publication, among different countries, different types of in- 
stitutions, and the different subfields of physics. As the Survey 
progressed, we became increasingly convinced that the literature 
of a science like physics is the best possible indicator of what 
can be called research activity. The British physicst, J. M. 
Ziraan, has pointed oun in a perspicacious little book* that what 
gives science its power and distinguishes it from many other worth- 
while human activities is the wide dissemination of new results 
throughout the scientific community, followed by extensive criti- 
cism, leading to ultimate consensus. Thus, as we describe at 
greater length in Section III. 1.1, we believe that it is possible 
to make a fairly clear distinction between "research" and "non- 
research" but that the distinction between basic and applied re- 
search is necessarily exceedingly fuzzy. In the studies of feder- 
al funding mentioned previously, and the studies of other types of 
funding to be discussed in subsequent sections, we therefore en- 
deavored to isolate the funding of activities leading to publish- 
able results. As we shall see in Chapter III it is useful to have 
the opportunity to check the general consistency of the findings 
of investigations of funding with those of studies of the literature. 

Studies of industrial and university funding of research and 
other characteristics of physics research in these two environ- 
ments necessitated obtaining data from some of the organizations 
involved. The data needed were not always easy for these organi- 
zations to supply, and we were conscious of how painful would be 
the demands on the time of anyone to whom we addressed inquiries. 
Fortunately^ we were able to select small samples of institutions 
of both types, which at the same time were adequately representa- 
tive of the diversity of the national populations, yet were repre- 
sented by persons to whom we could appeal for help by use of close 
personal contacts. This procedure ensured a high percentage of 
conscientious responses. We wish to express our profound grati- 
tude to the representatives of these organizations who were willing 
to devote so much time to make our projects successful. 

A number of smaller studies of samples of people, documents, 
or merely data from government publications were made. These, 
some of which will be discussed at appropriate places throughout 
the report, often proved helpful in filling in our picture of the 
functioning of some part of the physics cotnmunity. 
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II. 1 studies Based on the National Register and Other Nationwide 
Sources 

II. 1.1 INTRODUCTION TO THE NATIONAL REGISTER OF SCIENTIFIC AND 
TECHNICAL PERSONNEL 

Much of the information on manpower in Physics in Perspective j and 
particularly in Parts II. 1.2 and II. 1.3 below, was based on data 
from the NSF National Register of Scientific and Technical Person- 
nel. Therefore, a detailed discussion and evaluation of this ma- 
jor data source seems in order. 

From the mid-1950*s until 1970, the NSF conducted a series of 
bi(^nnial questionnaire surveys called the National Register of 
Sciencific and Technical Personnel. The various scientific soci- 
eties—in physics, the AlP-were responsible for identifying the spe- 
cialties that comprised their fields, setting criteria for inclu-- 
sion, and collecting the data. Statistical tables of data from 
these surveys; for a wide variety of sciences, were then regularly 
published in the NSF's American Science Manpower series. 

The Register was in two respects unique. First, it was designed 
to be a complete survey of manpower in various sciences rather than 
a sampling operation. Second, unlike the surveys of the Bureau of 
Labor Statistics and other NSF surveys, it was directed to the in- 
dividual scientist rather than to his employing institution. The 
uniqueness of this data source increases the difficulty of measur- 
ing its reliability. 

The Physics Survey depended heavily on National Register data 
for several reasons. Most sources presented data on physical sci- 
ences, sometimes with a further breakdown for physics as a whole; 
the National Register was one of the few sources in which physics 
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was subdivided into specialties. Since the Physics Survey was as 
concerned with the subfields of physics as with the overall field, 
this feature was most useful. Second » because the Register had 
been a continuous operation throughout the 1960's, comparative da- 
ta over time could be derived. Finally, both current (1970) and 
past comparative data from the Regis;ter were available on computer 
tape. This availability on tape was particularly valuable, because 
as a result, data analysis was not limited to published definitions 
categories, and table layouts. Register subfields could be rede- 
fined to fit more closely the scope of the subfield panels of the 
Physics Survey." Categories such as employer type could be revised 
to show separately the federally funded research and development 
centers , najor employers of physicists. Work activity groupings 
could be redefined so that categories of no relevance to physics 
were eliminated. Data could also be made more nearly comparable 
over time. Working directly with the Register computer tapes per- 
mitted a flexibility seldom possible with other data sources. 

Although Register data have many advantages, problems occur in 
their interpretation. To deal with the numbers presented, the user 
needs to know how representative they are and the nature of any 
biases. In the following subsections we shall consider several 
points relating to the opportunities and limitations presented by 
the Register and our use of it. 

II. 1.1.1 Adequacy of Coverage • 

A basic question one should ask about the Register data is: How 
completely do they cover, physicists? Professional societies iden- 
tify the groups of scientists who are to receive their question- 
naires. Thus scientists who are not known to a society are not in- 
cluded. In the case of physics, this source of error is probably 
relatively small, for the AIP attempts to identify and include in 
the survey physicists who are known from a variety of sources 
even though they are not members of one of the AIP societies. Cov- 
erage also is incomplete to the extent that persons receiving the 
questionnaire fail to fill it out and return it. 

Completeness of coverage is probably most useful in the case of 
doctoral scientists. They are almost automatically included in any 
count of scientific personnel. At lower educational levels the 
definition of a scientist is less clearcut and varies widely among 
societies and sources. The AIP's criterion for inclusion as a 
physicist was anyone with an advanced degree in physics or a bac- 
calaureate in physics plus two years of professional experience in 
physics or an equivalent background. It is difficult to estimate 
the size of such a population. 

Perhaps the most exhaustive attempt to assess Register coverage 
of doctorates was that of the Commission on Human Resources and 
Higher Education.* The Commission based its study on a comparison 
of the Doctorate Records File (maintained by the National Academy 
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of Sciences Office of Scientific Personnel) and the National Reg- 
ister. Information for the Doctorate Records File is obtained di- 
rectly from universities and supplemented by a questionnaire to be 
filled out by the graduate. The File is believed to include 99 
percent of all the doctorates awarded in the United States. The 
Commission attempted to identify by name in the 196A National Reg- 
ister all persons who received a science doctorate in the United 
States between 1957 and 1962. A number of auxiliary studies were 
conducted to correct for deaths and immigration and emigration. 
The basic datum sought was the number recorded in the Doctorate 
Record File as having a U.S. baccalaureate and doctoral degree who 
appeared also in the National Rerjister. Possession of a U.S. bacca- 
laureate degree was interpreted as" evidence that the individual 
was a permanent resident of the United States and would seek em- 
ployment in this country. The Commission found that 78 percent of 
the physics doctorate recipients appeared in the 196A National 
Register; therefore, this number could be used as an estimate of 
coverage of the Register in physics. A lower coverage was estimated 
for most other scientific disciplines. 

How important is completeness of coverage? If no bias in cover- 
age exists, that is to say, if nonrespondents are similar to re- 
spondents, figures can be inflated to the proper expected total by 
using the inverse of the rate of no response. In the mid-1960* s 
the NSF conducted a special survey of nonrespondents and found few 
differences from respondents on major variables such as level of 
degree and type of employer. 

The National Register, therefore, appears to have been, for 
physics, a relatively complete and unbiased source of information 
on manpower. However, in attempting to compare data in a particu- 
lar Register with another source or with Registers of earlier 
years, problems still exist. Such problems result principally 
from variation in basic definitions. One cannot use Register or 
other data without clearly understanding what they relate to. A 
few examples illuscrate problems related to coverage and defini- 
tions and show the need for caution in the interpretation of data. 

As a first example, we compare physics and astronomy faculty 
members included in the National Register and in the AIP*s annual 
Directory of Physics and Astronomy Faculties* The Register reports 
numbers of faculty members by self-reported faculty rank. The AIP 
independently obtains actual name listings from the heads of col- 
lege and university physics departments for inclusion in the Direc- 
tory of Physics and Astronomy Faculties t which is probably a more 
nearly complete and valid source, at least for regular faculty. 
Table II. 1 presents the results of this comparison. 

The second row in Table II. 1 shows the number of faculty in 
each academic rank reported by the AIP for the 1966-1967 academic 
year. The first row shows the numbers reported in American Science 
Manpower 2966. Since most physics departments were growing at this 
time and AIP figures for 1966-1967 represent data for a later date 
than those of American Science Manpower ^ data for 1968 from this 
source are shown in the third row. In the three professorial ranks 
the mean of the numbers reported in American Science Manpower for 
the two years is between 78 percent and 83 percent of the number 
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TABLE II. 1 Number of Faculty Members by Rank 



Source 


Prof. 


Assoc. Prof. 


Asst. Prof. 


Instructor 


Other 


ASM^ 1966 
AIP^ 1966-1967 
ASM^ 1968 


1691 
2AA9 
2128 


1322 
1830 
1713 


1832 
2686 
23A5 


793 
1389 
757 


1056 
6^1 
1057 



y\merican Science Manpower, 
Physics Manpower 1969 (American Institute of Physics, New York, 
1969). 



reported by AIP , or slightly higher than the 78 percent Register 
coverage reported for physics PhD*s by the Commission on Human 
Resources and Higher Education. 

In the two lower ranks, however, discrepancies appear. If the 
Instructor and Other categories are added, the National Register 
coverage for them appears to be 90 percent of that of AIP. If 
the figures are inflated by the factor used previously, the re- 
sult suggests that the Register is including approximately 260 
more faculty members in the lower ranks than the AIP, a 13 percent 
overinclusion. The difference results primarily from a difference 
in definition between the individual and department head. Appar- 
ently some individuals in lower ranks considered themselves (or 
were considered by the Register) faculty members, although depart- 
ment heads did not define them as such. The breakdown at lower 
faculty ranks varies even more. Individuals are more restrictive 
in defining themselves as instructors than are department heads. 
For the user of Register data,. these findings suggest that lower 
faculty ranks are probably overrepresented and that any break- 
down of lower faculty ranks should be treated with extreme caution 
as academic rank at these levels has not been standardized. 

The attempt to examine the growth of a borderline subfield of 
physics that includes many nonphysicists , such as acoustics, pro- 
vides another example of the effect of varying definitions, as 
Table II. 2 shows. 

According to the Register data, the population of acoustics, 
with some peculiar fluctuar.ions , has been virtually stable. How- 
ever, membership directories of the Acoustical Society of America 
and publications in its journal show growth. Membership increased 
by more than 50 percent in- the nine-year period, and publications 
by almost 90 percent. 

Has the Register missed physicists in acoustics? To answer this 
question is difficult, because the Acoustical Society has not 
collected data on the educational and employment background of 
their members. A general feeling, substantiated by a more recent 
survey, is that the Society's membership is exceedingly diverse, 
consisting of physicists, engineers, psychologists, and a variety 
of other scientists. Although complete figures on these groups are 
not known for the years indicated in Table II. 2, probably more 
than half of those who are identified with acoustics are from 
disciplines other than physics. 
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TABLE II. 2 Growth of Acoustics 



Year 


ASM^ 


ASA^ Membership 


Pages Published in JASA^ 


1960 


1260 


2782 


1781 


1962 


1454 


3301 


2079 


1964 


1381 


3735 


2525 


1966 


1261 


4007 


2979 


1968 


1296 


4403 


3369 



tn Arr,ericarf. Science Manpower^ series, scientists indica*:ing first 
competence (1960-1966) or present work experience (1968) in acoustic 
Acoustical Society of America. 
'Journal of the Acoustical Society of America* 



Clearly, as Table II. 2 shows, acoustics has been growing; how- 
ever, growtli rates by discipline may differ. The physics component 
of acoustics has apparently remained approximately stable, whereas 
the other components— engineering , psychology, and the like— have 
increased. 

As a third example, physicists employed in industry are shown 
in Table ZI.3, which is based in part on figures collected by the 
NSF and the Bureau of Labor Statistics.* 



TABLE It. 3 Numbers of Physicists (Thousands) Employed in U.S. 
Industrial Organizations 



Year 


American Science Manpower 


NSF-BLS Survey 


1960 


8.6 


12.5 


1962 


9.8 


14.0 


1964 


9.0 


15.6 


1966 


8.3 


16.2 



According to the National Register, the number of physicists 
in industry remained stable during the years indicated. However, 
the figures in the third column of the table show fairly substan- 
tial growth. The problem again stems from definitions. The Regis- 
ter obtains information from individuals and s*ets clear criteria 
for who is and is not a physicist; the NSF-BLS survey obtains in- 
formation from employers and leaves the categorization of individu- 
als to them. Anyone to whom an employer gives the title of physi- 
cist is recorded as such, regardless of his background education 

^Employment of Scientists ayid Engineers in the United States* 
Washington, D.C.: National Science Foundation and Bureau of 
Labor Statistics, 1968. 
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and training. With so loose a definition, inflated figures might 
be expected; but the problem is even greater, for there is no way 
of knowing how such loose definitions change with time. During a 
period of increasing demand, such as the early 1960's, there could 
well be an increasing number of employer-defined physicist posi- 
tions but little change in the number of AlP-defined physicists so 
employed. The additional positions could have been filled by engi- 
neers and technicians. It must be remembered that while industrial 
demand was growing in the early 1960's so, too, was academic de- 
mand, and academia usually has been the preferred home of physi- 
cists. 

These examples and comparisons indicate not that one source is 
good, another bad, but rather that each is measuring somewhat dif- 
ferent phenomena. If, for example, one wanted to examine the num- 
ber of physics faculty members by the strict standard of the de- 
partment chairman, one would use the faculty directory; if one 
was studying the number of physicists employed by universities, 
the National Register could be used, with the necessary inflation 
factor. If one was interested in the growth of acoustics, broadly 
defined, one would use the Acoustical Society membership or publi- 
cation figures. If one needed information on the change in the 
physics component of acoustics, the National Register would be the 
appropriate source. And if one was concerned with the change in 
physics positions in industry, as defined by employers, the NSF- 
BLS statistics would suffice. Changing participation of physicists 
in industry would be shown by Register data. Comparisons of data 
sources can lead to useful hypotheses, for example, about the com- 
ponents of growth in acoustics, but cannot be taken at face value 
as indications of data source deficiencies, for the sources often 
cannot be equated. 

With this background on advantages and problems in the use of 
Register data, we will look next at the way in which the Data Panel 
used these data and at some additional problems related to their 
interpretation. 

II. 1.1. 2 Cross- Sectional Studies 

Most of the manpower data used in the Physics Survey came from the 
196A, 1968, and 1970 Register computer tapes. The American Science 
Manpower series provided data for other years, and AIP student 
surveys were useful for obtaining data on physics baccalaureates, 
graduate students, and new PhD*s. The 1970 Register data were the 
most current available at the time of the Physics Survey. Data 
from 196A and 1968 were used for comparative purposes to examine 
changes during the late 1960's. 

A layout of the major analyses needed for these years was de- 
veloped. The tabulations decided on will be described in Section 
II. 1.2; they are summarized there in Table II. A. The totality of 
tabulations for the three years runs into the thousands. Many of 
these tabulations were used by the Data Panel in developing specif- 
ic analyses. A selection o^ tables considered of greatest interest 
were reproduced from computer printouts and appear in Appendix A. 
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Additional tables are available aL the NAS or the AIP to qualified 
persons for research purposes. 

II. 1.1. 3 Mapping the Sub fields of Physios 

The collection of data on the physics population was the central 
task of the Data Panel; however, the Panel recognized that data 
on the various subfields would also be most useful. Such data 
could provide information not previously available on the unity 
and diversity of physics. 

A major problem of the Data Panel was the allocation of the 
many categories and specialties of the National Register among 
the 11 subfields established for the Physics Survey. The Register 
data contained 19 major physics categories and 236 detailed physics 
specialties in addition to several specialties in other sciences 
that could be defined as interdisciplinary areas or interfaces with 
physics . 

Using the 1968 Register data (available at the start of the Sur- 
vey), two panelists assigned Register categories and specialties 
to the various subfield panels. Many of the specialties were clear- 
ly appropriate to particular panels. Others were less easily as- 
signed. For example, where did electronics or health physics be- 
long? A number of Register specialty groups appeared to be direct- 
ly related to several subfields. How to allocate these in the most 
meaningful way was a major question. 

The initial step in the procedure finally adopted was to iden- 
tify the..specialties that were clearly related to each of the 
Physics Survey panels. These groups were later termed Panels Prop- 
er. The next- step was to identify single or groups of specialties 
that could be considered borderline cases. These specialties might 
be related to several panels. Thirty-six of these borderline groups 
were developed. Initially Herring and Keyes examined each of these 
and made an educated guess as to what their allocation should be— 
what proportion of the practitioners of a particular borderline 
group, for example, should be assigned to condensed matter, optics, 
and so on. However, when this task was completed there was a cer- 
tain degree of dissatisfaction with this subjective allocation of 
relatively unknown groups. At this point it was decided that ele- 
ments. in the Register questionnaire might be used to develop a 
more objective and consistent method of allocation for these 36 
borderline cases. 

The Register questionnaire included both a question on special- 
ty of present work activity and one on specialties of additional 
competence. It was thought that individuals whose specialties of 
present work activity were among the borderline groups would have 
a majority of their specialties of competence either in the border- 
line group or in the appropriate Panels Proper. 

On the basis of this assumption all borderline groups (that is, 
individuals indicating one of the borderline groups as specialty 
of present work activity) were sorted in terms of specialties of 
additional competence, including both Panels Proper and borderline 
groups. For example, individuals currently working in electronics 
were examined to determine the specialties of additional compe- 
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tence; some indicated other electronics specialties, and others 
one of the Panels Proper, such as condensed matter. (Initially dis- 
tributions on first and additional specialties of competence were 
examined separately; however, comparisons showed that second, third, 
and fourth competences were merely reflections of the first. De- 
terminations were then made on the basis of specialties of first 
competence. ) 

Allocations were based on the percentage distributions of com- 
petence responses. If examination showed that an overwhelming pro- 
portion of competence responses were to a single Panel Proper, 
then this specialty or group of specialties was assigned to that 
Panel Proper. In most instances, a split allocation was indicated 
—50 percent condensed matter, 50 percent nuclear physics, or 25 
percent optics and 75 percent atomic, molecular, and electron 
physics . 

Whether this was the best way to deal with borderline cases is 
open to question. Many of the borderline groups were eventually 
assigned to the same panels as they had been with the earlier sub- 
jective judgment procedure. Subjective re-examination showed dif- 
ferences when they occurred to be consistent, if not expected. 

Appendix B shows the allocation of 1968 Register specialties 
among subfield panels. Those that were allocated by means of the 
analysis of borderline groups are listed at the end of each sub- 
field section. The remaining specialties that did not clearly fit 
into Survey Panels were combined into a miscellaneous category. 
This category included a large number of people whose specialty 
was physics teaching, others with specialties outside physics in 
chemistry, engineering, or computer science, and a few that could 
not be classified. The fractions following each overlap group in- 
dicate the proportion allocated to a particular subfield. 

The Data Panel believed that this method of specialty alloca- 
tion, although not perfect, was the most objective and consistent 
response then available to the problem of defining physicists and 
their subfields, which has always presented difficulties. We shall 
discuss the analogous problem of classifying the literature of 
physics in Section IV. 1.1. 

II. 1,1. A Other Problems of Definition 

A few additional problems among the data for the 1964, 1968, and 
1970 Registers can be briefly summarized. 

1. Increased coverage between 1964 and 1970 could be expected, 
although for physics this factor should have little effect as pro- 
cedures did not undergo major change. In making comparisons, the 
increased coverage would imply a slight exaggeration in figures on 
growth. 

2. Questions dealing with competence varied slightly between 
1964 and 1970; further, in data collected from the Register tapes 
the Data Panel used specialty of present work activity, whereas 
tables from American Science Manpower used data on specialty of 
first competence. 
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3 In the three years examined, the Data Panel treated ..:deral- 
ly funded research and development centers as a special category; 
published material from African Science Manpower' distributed these 
Institutions according to administrative groups, such as university 
or industry, rather than presenting a separate tabulation. 

In comparing Register data with other sources it is often 
necessary'to examine the exact phrasing of the questions; therefore, 
to aid in such comparisons Appendix A includes copies of the lybA, 
1968, and 1970 Register questionnaires. 



II. 1.1. 5 Longitudinal Studies 

In addition to cross-sectional studies, several longitudinal 
studies based on two longitudinal files were conducted. The first 
o£ tl.ese files, referred to as the 1960-1966 Longitudinal File, 
was developed from Register tapes by Robert McGinnis of the De- 
partment of Sociology, Cornell University, with the cooperation of 
the NAS The Data Panel used information from this file on ail 
PhD's who responded to all three Register surveys in this interval 
Ind who were defined by AIP as physicists in 196A. The data ob- 
tained showed mobility among subfields of physics, between Physics 
and other sciences, among types of employers, among work 
and among regions of the United States and other countries. (These 
relatively complex tables are available at the AIP to qualified 

researchers.) cj„„j 
In addition, the Data Panel worked with data on AlP-defined 
physicists, bo'ch PhD and non-PhD, from a 1968-1970 longitudinal 
file developed from Register surveys for these two years. The 
groups considered were 

1. Physicists responding to both surveys who were PhD's (or 
non-PhD's) in both years 

2. Physicists responding to both surveys who were non-PhD s 

in 1968 but PhD's in 1970 

3. Physicists responding only to the 1968 survey 

4. Physicists responding only to the 1970 survey 

Analyses of data on the first two groups showed patterns of 
mobility among subfields, types of employers, work activities, 
and geographic areas. Further analyses of the second 8""P^1=° 
showed how new PhD's differed from other PhD respondents. The 
third group was studied to determine the characteristics of indi 
vSu^ls who responded in 1968 but not in 1970. This type of analy- 
sis gives insight into the nature of the nonresponden t group. 
Analyses of the fourth group yielded information on characteristics 
of new respondents-^hether they were older physicists who had 
failed to respond in 1968 or new entrants to the field. 

A few definitional problems occur when comparing longitudinal 
with cross-sectional data. First, correlating 196A specialties with 
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those of 1968 and 1970 had presented some difficulties, which were 
greatly increased by additionally correlating those of 1960, 1962, 
and 1966, Neither specialty categories nor physics remained the 
same during this interval. Further, between 1960 and 1970 the point 
of reference of specialties changed. From 196A on, specialties of 
present work experience were included on the questionnaire in addi- 
tion to specialties of competence. As a result of these variations, 
subfield mobility based on current work specialization can be dis- 
cussed only for the 1964-1966 and 1968-1970 intervals. Care must 
be exercised in the interpretation of data on mobility for the 
other years, for change in specialty of competence is different 
from change in specialty of employment. Changes in definitions of 
types of employers also occurred over the years, especially in re- 
gard to federally funded research and development centers. The 
data for 1964-1966 and 1968-1970 again appear to be the most con- 
sistent. Finally, none of the Register surveys made provision for 
the heavily university-based postdoctoral group. Consequently, 
when examining mobility from the university to other work environ- 
ments, it is difficult to determine the number who are departing 
postdoctorates and those who are leaving regular positions. The 
postdoctoral group greatly proliferated in the late I960's, which 
increases the difficulty of interpreting and fully evaluating the 
movement from the universities in the two time intervals. 

Some of these problems were handled through age subclassif ica- 
tion. This technique does not completely solve the problem of dis- 
crepancies but does throw light on major patterns. 

As this and other portions of Physios In PerspeoHve show, care- 
ful understanding and manipulation of a data source can produce 
useful analyses many steps beyond a simple tabular layout of raw 
figures. It is hoped that this effort will stimulate and guide 
further analyses of Register and other data. 



II. 1.2 TABULATIONS FROM THE PHYSICS PORTION OF THE NATIONAL 



Through the courtesy of the NSF, extensive analyses were made, 
first, of the 1968 National Register computer tapes, then extended 
to 1964, and, when the returns from the 1970 questionnaires be- 
came available, to that year also. Studying but one field — physics 
— we were able to make much more detailed tabulations and cross- 
correlations than those published biennially for the totality of 
science in American Science Manpower. Moreover, having grouped the 
specialties into the various subfields corresponding to panels of 
the Physics Survey Committee and the Astronomy Survey Committee, 
we were able to break the tabulations down by subfield whenever 
this seemed desirable. Such a breakdown is, of course, not avail- 
able in American Science Manpower. 

The wealth of possible subdivisions and correlations in the 
data can be appreciated from an examination of the National Regis- 
ter questionnaire, which is reproduced, in its 1964, 1968, and 
1970 versions, in Appendix A. The 1964 and 1968 questionnaires 
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were almost identical in regard to all the entries used for our 
tabulations, but there were some minor differences : 

1. The wording of the question on professional identification 
(8 on the 1970 form) has varied slightly. 

2. The questions on student and employment status (7 and 9 on 
the 1970 form) were a single question on the 196A form. 

3. Although all three questionnaires had a question on the 
specialty closest to present employment (13 on the 1970 form), the 
wording of the question on additional competence (18 on the 1970 
form) has varied. In 196A and 1970, the four specialties of 
greatest competence were requested; in 1968, four specialties 
other than the one closest to present employment were requested. 

A. The alternatives offered for present principal employer (11 
on the 1970 form) have varied slightly, as have the alternatives 
for first and second most important activity (12 on the 1970 form). 

5. Academic rank (10 on the 1970 form) was not included on the 
196A form. 

6. The 1970 questionnaire allowed responding physicists to iden- 
tify themselves as theorists, experimentalists, or both. 

With the possible exception of the slight difference in the 
identification of areas of additional competence on the 1968 form, 
these variations in the questionnaire were all sufficiently minor 
that it was possible to prepare tabulations that would be compar- 
able for different years. These were obtained in the form of ta- 
bles, with rows corresponding to possible alternative answers to 
some one question, columns to alternative answers to some other 
question; a selection according to answers to a third question, a 
fourth, and so on could be made simply by preparing many tables, 
one for each combination of the latter answers. Except for some 
tables that were prepared only from the 1970 tapes, the totality 
of tables developed for the three years is described, in a con- 
densed notatation, in Table II. A. Here the rows correspond to dif- 
ferent categories of tables, in the order in which they appear in 
Appendix A. Each such type of table has its rows and columns cor- 
responding to the items in the black-bordered boxes. The number of 
rows of columns is the number indicated in the black-bordered box, 
augmented where so indicated by a total (t) or a grouping into 
quartiles (Q*s). There is one such table for every combination of 
the variables indicated without a black-bordered box. Thus, for 
example, there are 3 x 19 ^ 7 - 399 tables of type 1 for any given 
Register year, one for each combination of a degree status (PhD or 
non-PhD or total), an employment specialty (one of 18 physics and 
astronomy subfields or total) y and an employer type (one of five 
categories, "no response," or total). Each such table has rows 
corresponding to the seven possible types of primary work activity, 
and "no response" and total, and columns corresponding to the same 
alternatives for secondary work activity. Where 12 subfields are 
listed instead of 18, all subfields of astronomy except the border- 
line field, astrophysics and relativity, have been grouped into one. 

A few additional tabulations were made from the 1970 tape. 
These were (a) subfield of employment by subfield of first compe- 
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tence for theorists, experimentalists, those Identifying them- 
selves as both, and nonrespondents to this question (type 16); (b) 
employment specialty by age and degree status for these four 
groups (type 17); and (c) employment specialty by professional 
identification and degree status for the same groups (type 18). 

Printouts of all these tables are available for study at the 
NAS. We have made a selection of some of the most interesting ones, 
which are reproduced in Appendix A. This selection consists of the 
following : 

1. Fourteen tables of type 2 (PhD or non-PhD; only t for sub- 
field specialty; and 6+t possible answers to the employer type 
questions) 

2. Twenty-six tables of type 3 (PhD or non-PhD; five employer 
types with t for work activity; seven types of work activity with 

t for employer type; t for all types of work activity and employer) 

3. Twelve tables of type 8 (PhD or non-PhD; 5+t employer types; 
only 5 for subfield of employment) 

4. Fourteen tables of type 8 (PhD only; 14 subfields of employ- 
ment; only t for employer type) 

5. Ten tables of type 9 (PhD or non-PhD; four combinations of 
sex and student status plus t) 

6. Fourteen tables of type 10(14+t subfields of employment; 
only t for employer type) 

7. Two tables of type 11 (PhD or non-PhD; only t for subfield 
of employment) 

8. Eighteen tables of type 12 (PhD or non-PhD; 8ft answers to 
question on employBr type; only t for subfield of employment) 

9. One table of type 13 (non-PhD only; only t for subfield of 
employment) 

10. Fifteen tables of type 13 (PhD only; 14+t subfields of 
employment) 

11. Two tables of type 15 (PhD or non-PhD; only t for subfield 
of employment) 

12. Six tables of type 16 (PhD only; 5+t employer types) 
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II. 1.3 DATA ON CHARACTERISTICS AND MOBILITY OF PHYSICISTS 

Chapters 9 and 12 of Volume 1 of PhyeicB in Perspective describe 
the flow of physics manpower from initial training to employment 
and present data on the employing institutions and work activities 
of physicists in various subfields. The sections that follow sup- 
plement these data with material on such characteristics as sex, 
citizenship, employment status, income, and the like and examine 
in greater depth the way in which physics as a discipline and phys- 
icists as a community changed during the late 1960's. 



II. 1.3.1 Demographic Character ia ties 

II. 1.3. 1.1 Sex The population of physics is principally male. 
Females represented approximately 2 percent of the PhD*s and 
slightly more than 5 percent of the non-PhD*s in both 1968 and 1970. 
Table II. 5 shows differences in employment status of male and fe- 
male physicists in 1968. The main difference relates to part-time 
employment; 1 percent of the males and 12 percent of the females 
are employed part time. 

TABLE II. 5 Employment Status by Sex, 1968^^^ 



Employ- PhD Non-PhD 

ment Male Female Male Female 

Status Number % Number % Number % Number % 



Full 


13, 


389 


97 


219 


78 


10,713 


97 


A28 


68 


time 




















Part 




129 


1 


3A 


12 


136 


1 


67 


11 


time 




















Unem- 




A2 




6 


2 


75 


1 


22 


3 


ployed, 




















seeking 




















Unem- 




13 




11 


4 


25 




lOA 


17 


ployed, 




















not 




















seeking 




















Other^ 




230 


2 


10 


A 


151 


1 


7 


1 


Total 


13, 


803 


100 


280 


100 


11,100 


100 


628 


100 



^ata on nonstudents only. 

^1968 data presented because of minor problems in the int. 
tation of the 1970 data on non-PhD's. 

^Tnclude.q retired and no response to question on employme; 



A second difference pertains only to non-PhD*s. Those who are 
not employed and not seeking employment are regarded as outside 
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the labor force, at least temporarily. As Table II. 5 shows, 17 
percent of the female, non-Ph D physicists have dropped out of the 
labor force, compared with less than 1 percent of the males. This 
finding could result from a lower degree of conunitment among non- 
Ph D women physicists, temporary family responsibilities, or lesser 
Job opportunities. 

Register data on women physicists also show the following. 

1. Women PhD's are more likely to be employed in universities 
and colleges and less likely to be employed in industry than are 
men. 

2. Women non-PhD's are more likely than male PhD s to be em- 
ployed in secondary schools and Junior colleges. 

3. Women physicists' salaries are lower than those of male 
physicists, regardless of type of employer. 

4. Women physicists less frequently receive government support 
than do male physicists. 

II. 1.3. 1.2 Age The median age of PhD physicists in 1970 was 37.4 
and that of non-PhD's, 32.9. Table II. 6 shows the age distribution 
of physicists. Approximately 50 percent of the PhD's are In the 
30-39 age group, and about 50 percent of the non-PhD's are in the 
25-34 age group. 

TABLE II. 6 Age Distribution of PhD's and Non-PhD's, 1970 



Age 


PhD's 




Non-PhD' 


s 


Number 


Percent 


Number 


Percent 


24 and under 


5 




815 


4.6 


25-29 


1808 


11.1 


5411 


30.7 


30-34 


4467 


27.5 


3844 


21.8 


35-39 


3188 


19.6 


2409 


13.7 


40-44 


2494 


15.4 


1732 


9.8 


45-49 


1953 


12.0 


1537 


8.7 


50-54 


966 


6.0 


874 


5.0 


55-59 


631 


3.9 


548 


3.1 


60-64 


408 


2.5 


331 


1.9 


65-69 


231 


1.4 


121 


0.7 


70 and over 


78 


0.5 


21 


0.1 


TOTAL^ 


16,229 




17,643 





"^Total refers to those whose employment was known. There were 19 
PhD's and 36 non-PhD's who did not provide data on age. 

Because of the heavy influx of new PhD's during the 1960's, the 
median «ge of the PhD group dropped from 38.2 in 1964 to 37.4 in 
1970. Table II. 7 shows the change in median age by subfield and 
convergence toward the overall median age in 1970. Such cluster- 
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ing about the median suggests heightened competition within age 
groups* 



TABLE II. 7 Median Ages of PhD*g 


by Subfield 


in 1964 


and 1970 


Subfield 


1964 


1970 


Change 


Astrophysics and relativity 




34.7 




Atomic, molecular, and electron 


36.5 


35.3 


-1.2 


Elementary particle 


34.1 


34.2 


+0.1 


Nuclear 


37.3 


37.8 


+0.5 


Plasma physics and physics 


36.7 


37.0 


+0.3 


of fluids 








Condensed matter 


36.7 


36.4 


-0.3 


Earth and planetary 


38.1 


37.4 


-0.7 


Physics in biology 


40.6 


37.2 


-3.4 


Optics 


40.3 


38.7 


-1.6 


Acoustics 


42.2 


40.1 


-2.1 


Astronomy 


37.4 


35.0 


-2.4 


Miscellaneous 


42.8 


41.4 


-1.4 


All subfields 


38.2 


37.4 


-0.8 



In the 1970*s the expected decline in new PhD's should result 
in a slowly aging community. The now young, heavily academically 
based populations in some subfields will show an increase in aver- 
age age as academic positions decrease; the currently somewhat old- 
er, nonacademically based populations might increase slightly in 
number and decrease in average age. 

II. 1.3. 1.3 Place of Birth and Citizenship In 1970, 75 percent of 
the PhD physicists in the United States were U.S. -born citizens. 
Approximately half (1700) of those who were foreign born became 
U.S. citizens; 1900 retained their foreign citizenship. The number 
of PhD physicists who were U.S. -born citizens increased by 50 per- 
cent between 1964 and 1970; however, the foreign-born PhD physicist 
population in the United States nearly doubled. The noncitizen 
group could be somewhat larger than the figures reported in the 
National Register survey, for many who do not become citizens are 
a transient group, often returning to the country of origin, and 
such groups are unusually undercounted in surveys. 

Characteristics of the U.S. -born citizen, foreign-born U.S. citi- 
zen, and noncitizen groups vary. Table II. 8 shows the distribution 
of these groups by age in 1970. The foreign-born U.S. citizens 
have a median age of 43.7 and constitute a relatively high propor- 
tion of the older (> 60) age cohorts. In sharp contrast, the non- 
U.S. citizen group has a median age of 35, with four fifths of them 
in the 25-39 age range. The decrease in the number of noncitizens 
in the older age cohorts could result from return migration or nat- 
uralization. 
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Table II. 9 shows the distribution of citizen and noncitizen 
groups by subfield of employment. The noncitizen group is somewhat 
more heavily concentrated in the so-callad intrinsic subfields than 
ii\ the extrinsic ones such as optics, acoustics, physics in biology, 
and earth and planetary physics. Some of this difference may re- 
sult from age, for certain subfields tend to attract young people, 
and the noncitizens are a comparatively young group. The variation 
by subfield still occurs, however, if one controls for age by con- 
sidering a single age group, for example, the 35-39 year old group 
in which the highest proportion of noncitizens (16.5 percent) is 
found. Table II. 10 shows the proportion of noncitizen PhD's in 
this age group in each subfield. More than one fifth of the 35-39- 
year-old population in such major subfields as astrophysics and 
relativity, elementary-particle physics, and plasma physics and 
physics of fluids is noncitizen. 



TABLE 11.10 Proportion of Noncitizen PhD's, 35-39 Years of Age, 
in Each Subfield 



Physics 
Subfield 


Percent Foreign-Born Noncitizens 


Astrophysics r^nd 


25.0 


relativity 




Elementary Particle 


22.5 


Plasmas 


21.9 


Physics of Fluids 


20.2 


Nuclear 


18.7 


.Atomic, molecular, and 


18.6 


electron 




Condensed-matter 


17.2 


Earth and planetary 


14.9 


Optics 


14.5 


Astronomy 


14.0 


Miscellaneous 


10.8 


Acoustics 


8.5 


Physics in biology 


7,1 


All subfields 


16.5 



Only about 10 percent of the non-PhD physics population in 1970 
was foreign bom. The small number could result from the entry of 
fewer non-PhD foreign physicists to the United States or to less 
adequate figures on foreign pre-PhD students than on foreign PhD's 

The data on foreign-born physicists do not show how many came 
to the United States for education or specific work experience and 
returned to the country of origin or the number who remained. The 
U.S. Department of Labor estimates indicate that some 4000 physi- 
cists have immigrated to the United States since 1949. How many 
had training at the time of immigration sufficient for them to be 
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regarded as physicists, their age distribution, and the rate of 
return migration are not known. According to the 1970 National 
Register the number of forelgn-bom physicists Is higher than the 
Department of Labor's estimate — about 6000. However, there are no 
data on when these physicists Immigrated — before or after 19A9, be- 
fore or after becoming a physicist. 

The Doctorate Record File affords data on the postdoctoral des- 
tination and activity of new PhD's In physics and astronomy from 
1958 through 1970 (see Table 11.11). Of the 1918 noncltlzen PhD 
recipients, 53 percent remained In the United States and AO per- 
cent of these went Into postdoctoral study. Twenty-three percent 
of the noncltlzen group left the United States, and these went 
more often Into employment than postdoctoral study. The destlna- 



tlons of 24 


percent were unknown. 








TABLE 11.11 


Location and Activity 


of New PhD Physicists^ 






Postdoctoral Study 


Emp loyment 






Citizenship 


U.S. Foreign 


U.S. Foreign 


Unknown 


Total 


United 


1695 420 


6024 152 


1979 


10,270 


States 










Foreign 


392 139 


626 301 


460 


1,918 










12,188^ 



^ata from the Doctorate Record File; U.S. Doctorates, Physics and 
Astronomy FY 58-70. 



There were 303 PhD's on whom data were Incomplete, bringing the 
total to 12,491. 

II. 1.3. 1.4 Employment Before discussing the changing employment 
and mobility patterns of physicists, some background Information 
on their employment Is needed to place the analyses In context. 
Table 11.12, showing employment patterns of PhD physicists from 
1964 through 1970, Is repeated from Physios in Perspective ^ Vol- 
' ume I, page 832, for It presents data on several topics that we 
will discuss further — type of employer, subfleld of employment, 
and changes In these with time. 

Much of the discussion that follows deals with comparisons of 
those In academic and nonacademic employment. When relevant, the 
nonacademlc group Is subdivided, as In Table 11.13. 

The distribution of academic and nonacademic physicists among 
subflelds shows many similarities (see Table 11.14). Exceptions 
are optics and condensed matter, which have somewhat higher per- 
centages of nonacademic than academic physicists, and elementary- 
particle physics, which Is principally unlverslty-based. A sub- 
stantial number (23 percent) of the nonacademically employed PhD's 
work In general physics or other sciences. 
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TABLE 11.13 Percentage Change in PhD Employment, 1964-1970 



Employer 



1964 



1970 



College and university 

Industry 

Government 

Research center 

Other 

TOTAL 



4,478 
2,450 

917 
1,930 

558 



8,223 
3.805 
1,468 
1,912 
840 



10,333 16,248 



Percentage of 
Yearly Change ^ 



0. 139 
0.092 
0. 100 
-0.001 
0.084 

0.095 



^1970-1964/1964/6. 

^Includes high school, junior college, hospital, and other non- 
profit organizations. 



TABLE 11.14 Distribution among Subfields of Academically and 
Monacademically Employed PhD's in 1970 



Physics 


Employment 


(%) 


Subfield 


Academic 


Nonacademic 


Condensed-matter 


22 


29 


Optics 


4 


10 


Atomic, molecular, and electron 


7 


6 


Plasmas and fluids 


6 


7 


Nuclear 


11 


11 


Elementary-particle 


13 


4 


Other 


8 


23 


Earth, planetary, astrophysics 


9 


10 


and relativity, and astronomy 






Teaching of physics 


20 


0 



Figure II. 1 depicts the distribution among subfields of PhD 
physicists employed in industry, government, and research centers 
in 1970. Major emphasis in industry is on optics and condensed 
matter, and in research centers, on nuclear physics, elementary- 
particle physics, and plasmas and fluids. Most nonacademically 
employed physicists in earth and planetary physics, astronomy, 
and astrophysics and relativity work for the government. 

Regardless of where a physicist is employed, at least part of 
his work generally is supported by the federal government. In 
1970, 9491 PhD physicists who responded to the National Register 
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(59. A percent of the total respondents in physics) acknowledged 
government support.* Twenty-one percent of these physicists were 
employed by the government or by federally funded research and 
development centers; however, 52 percent of those in nonfederal 
employment received some government support, as Table 11.15 indi- 
cates. 



40% 




CON- OPTICS ATOMIC, ASTRO- PLASMAS NUCLEAR ELEM. OTHER 

DENSED MOLEC, PHYS., AND PARTICLE 

MATTER ELEC. EARTH AND FLUIDS 

PLAN., 
ASTRON. 



FIGUKE II. 1 The distribution of nonacademic PhD employment by 
subfield . 

The fraction of the physics population receiving federal support 
decreased by 11.5 percent between 1968 and 1970, although the ab- 
solute number receiving such support increased by 4 percent. The 
federal programs in which physicists work appear in Table 11.16. 
Defense, atomic energy, and space programs account for three fourths 
of the funds acknowledged by Register respondents. The DOD, AEC, 
and NASA account for 91 percent of the federal expenditures in 
basic and applied research in physics. The distribution of feder- 
al obligations for basic and applied research in physics is shown 
in Table 11.17 for comparison with the distribution among federal 
programs of support acknowledged by Register respondents shown in 
Table 11.16. The acknowledgments of support suggest that physi- 



*The 634 astronomers shown in Table 11.12 are not included in the 
analyses and comparisons of funding. Although some physicists 
working in astrophysics and relativity and earth and planetary 
physics may receive funds under federal astronomy programs, the 
distortion in manpower figures is likely to be small in compari- 
son with the distortion in support figures that would be introduced 
by inclusion of federal obligations in astronomy. 
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TABLE 11.15 Fraction of PhD Physicists Not Employed by the Federal 
Government Who Acknowledged Some Federal Support 



Employer Percent Indicating Federal Support 

University 56 

Industry ^2 

Other nongovernment 61 

Total nongovernment 52 



TABLE 11.16 Sources of Federal Support Acknowledged by PhD 
Physicists in 1970^ 



Percentage of 
Funds Supporting 

Program Work in Physics (%) No. of PhD*s 



Defense 


32 


3,861 


Atomic energy 


27 


3,228 


Space 


15 


1,85A 


Subtotal, defense/ space 


7A 


8,9A3 


Education 


8 


1,011 


Health 


A. 5 


541 


Housing, public works, 


2.5 


307 


transportation, and 






urban development 




260 


Agriculture, natural re- 


2 


sources, and rural 






development 




946 


Other 


8 


Subtotal, nondef ense/ 


25 


3,065 


space 






TOTAL 




12,008 12,008 


^Excludes astronomy. 






^Includes multiple responses. 


Of 15,987 PhD»s, 


9491 reported at 


least one source of government 


support . 
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TABLE II. IZ Federal Obligations for Basic and Applied Research 
in Physics 





Percentage Distribution of $613 Mil- 


Agency 


lion Obligated, FY 1970 (%) 


DOD 


30 ' 


AEC 


38 


NASA 


23 


Subtotal, defense/space 


91 


NSF 


5.5 


Other 


3.5 


Subtotal, nondef ense/space 


9 


^Source of data: Fedeval Funds fov Research^ development, and 


Other Scientific Activities, 


National Science Foundation 


(NSF-70-38) (Volume 19). 




TABtE 11.18 Acknowledgments 


of Federal Support by Subfield 


Physics 


Percentage of PhD*s Acknowledging 


Subfield 


Support from the Government (%) 


Plasmas 


86 


Acoustics 


78 


Nuclear 


7A 


Elementary-particle 


69 


Earth and planetary 


81 


Astrophysics and relativity 


57 


Physics of fluids 


73 


Optics 


61 


Atomic, molecular, and 


61 


electron physics 




Condensed matter 


55 


Miscellaneous (including 


A6 


teaching) 




All subfields 


61 
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cists are finding work in fields other than the traditional ones 
of defense and space. It is not clear in the Register data which 
program, education or other, a respondent supported by the NSF 
would indicate. The major finding from this comparison is that 
support from agencies other than those concerned with defense and 
space, although amounting to only 9 percent of the federal obli- 
gations for physics research, affects one fourth of the physicists 
supported, at least in part, by government programs. 

Physicists in some subfields receive more federal support than 
those in others, as Table 11.18 indicates. 

Another source of information on the support of physics research 
is acknowledgments of support in published journal articles. These 
data are presented and discussed in Chapter III, especially in 
Tables 111.2-^111.6 and Figure III.l. This Chapter explores in 
detail the support of physics in research by government, industry, 
and universities. 

Multiple employment is a characteristic of professional life. 
For the academically employed physicist its economic benefits can- 
not be overlooked, and it generally offers a point of contact be- 
tween academic and nonacademic institutions that is valuable. 
Register data suggest that such interaction has been sharply re- 
duced between 1968 and 1970, presumably as a consequence of in- 
creasingly stringent economic conditions. In 1968, some 400 uni- - 
versity-based PhD*s reported additional employment outside the uni- 
versity and 400 nonacademically employed PhD*s reported a secondary 
job, usually in a university. By 1970, these numbers had decreased 
by about a factor of 2. Since the questionnaire does not detlne ad- 
ditional employment, the data are likely to represent a lower bound 
on personnel interchanges— those individuals for whom a second job 
represents a substantial commitment of their total professional 
obligations. 

Funds generally regarded as discretionary have been severely 
affected by the economic situation; consequently, there has been a 
marked decrease in summer employment of faculty and exchanges of 
personnel among academic and nonacademic institutions. Such ex- 
changes, which are highly cost effective in terms of productivity, 
are highly vulnerable to budget expediency. 

Professional employment includes a number of specific work ac- 
tivities—for the physicists, principally research, teaching, and 
the management of research and development. Rarely does a single 
activity adequately describe the work of a particular physicist. 
The individual ordering of such activities varies with institution- 
al setting and over time with the development of a professional 
career. The following statistical analysis provides a description 
of the major work activities of physicists in thg socioeconomic 
circumstances that prevailed in the late 1960* s. Taken together 
with the preceding data on employment, this analysis provides a 
quantified picture of the traditional employment of a physicist. 
In interpreting this picture and assessing its relevance 'to future 
projections, one must take into consideration that what a physicist 



We are indebted to Hugh Odishaw for a critical discussion of 
this point. 
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can do may be qualitatively different from a statistical picture of 
what he currently does. Such differences could become significant 
in the 1970* s. Future changes, of course, cannot be quantified, 
but one can get some insight into the modes of change by examining 
patterns of mobility of physicists, discussed in detail in II. 1.3.2. 

Respondents to the National Register specify their primary and 
secondary work activities, and the aggregation of these responses 
provides a more detailed picture of the distribution of activity 
characterizing the employment of a physicist. The pattern of ac- 
tivity for all age groups taken together appears in Tables 11.19 
and IX. 20. A single work activity adequately describes the pro- 
fessional employment of but 13 percent of the physicists. In aca- 
demia research generally is combined with teaching; in nonacademic 
settings basic research typically is combined with applied research 
or development, and both types of research are often combined with 
the management of research and development. 

A major difference between PhD*s working in academic institutions 
and those in other types of employing institutions is, of course, 
involvement in teaching. More than four fifths (84 percent) of 
the academically employed PhD*s had teaching responsibilities, and 
69 percent combined teaching and research. Research was a major 
work activity in all employment settings. As adding the first two 
columns in Table 11.21 will show, approximately 85 percent of the 
PhD's in industry, government, and universities reported some in- 
volvement in research. An even higher percentage, 94 percent, of 
those working in federally funded research and development centers 
was engaged in research. Among the PhD's working in other types 
of institutions (5 percent of all PhD's), 70 percent had research 
responsibilities . 

Figure II. 2 presents a comparison of the research involvement 
of physicists in various types of nonacademic employment. 

Emphasis on basic research in the universities and research 
centers has remained essentially constant since 1964; however, 
basic research in industry and government, always a relatively small 
fraction of the total activity of such institutions, has declined 
further, as shown in Chapter 12 of Physics in Perspective^ Vol- 
ume 1, Figures 12.24 and 12.25. Thus basic research is becoming 
increasingly isolated in the universities and research centers. 

If the university population is subdivided into those who are 
primarily research oriented and those who are primarily oriented 
toward teaching, the pattern indicated in Table 11.22 and Fig- 
ure II. 3 results. Although minor fluctuations in percentage must 
be interpreted with care, the data suggest a shift toward more 
research-oriented activities between 1964 and 1968 and* a reverse 
shift back to teaching between 1968 and 1970. The university ad- 
justed to the changing research climate by slightly altering its 
work activities. It is doubtful that such flexibility will be pos- 
sible in the future, with projected decreases in both university 
teaching and research functions. 

The priorities assigned to the various activities that comprise 
a physicist's professional life change over time. The emphasis on 
basic research that characterizes the early years gives way to 
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TABLE 11.21 Research^ and Other Activities of PhD Physicists in 
1970 by Employer 







Research and 








Employer 


Research and 
Development 


Development 
and Other 


Other Only 


Total 


University 
Industry 
Government 
Research 


720 (0.09) 
1789 (0.48) 
573 (0.40) 
932 (0.50) 


6008 (0.74) 
1411 (0.37) 
658 (0.44) 
828 (0.45) 


1304 
533 
201 
116 


(0.13) 
(0.15) 
(0.16) 
(0.05) 


8,032 
3,733 
1,432 
1,876 


''.enter 
Other 


231 (0.28) 


345 (0.44) 


247 


(0.28) 


823 


Total^ 


4245 (0.26) 


9250 (0.58) 


2401 


(0.15) 


15,896 



'^Research includes basic research, applied research, and develop- 
ment. 

^In the university, other refers predominantly to teaching; in non- 
academic employment, other refers predominantly to management. 

^Totals may vary somewhat from earlier employer totals because a 
small number of people did not respond to the work activity 
question. 



TABLE 11.22 Research and Teaching Orientations in Universities, 
l964-i970 (%) 



Orientation 1964 1968 1970 



Research oriented 40 47 44 

Research and other 14 16 15 

Research and teaching 26^ 31 28 

(research primary) 

Teaching oriented 59 51 55 

Teaching and research 38 37 40 

(teaching primary) 
Teaching and other 21 14 15 
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FIGURE II. 2 The work activities of nonacademically employed PhD 
physicists in 1970. 



increasing management responsibilities. In universities the com- 
bination of research and teaching shifts toward teaching and man- 
agement, and in nonacademic institutions a career is likely to 
move from basic research into applied research and development, 
then into the management of research and development, as illus- 
trated in Tible 11.23. The data in the Table are based on respon- 
dents to both the 1968 and 1970 Registers who remained in the same 
type of employing institution, a sample of approximately 70 per- 
cent of the total 1970 Register population. Comparison of the 
1968 and 1970 combined work activity for this relatively stable 
group shows that the changes in such activity follow the age gra- 
dients implied by the data of Table 11.23. 
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FIGURE II. 3 Variations in teaching and research orientation in 
universities, 196A — 1970. 



II. 1.3. 2 Subfield Mobility 

The distribution of young PhD's an:ong subfields closely resembles 
that of graduate students and univ-arsity-based physicists in gen- 
eral, as Table 11.24 shows. This comparison reflects a pattern 
of early choice that persists despite the change of status from 
graduate student to PhD. By age 30, 44 percent of the physics 
PhD's have left university study or employment and have adapted 
their interests to new environments. Within this pattern of per- 
sistent interests, however, substantial mobility among subfields 
occurs. The subfield transition matrix in Table 11.25 depicts 
this mobility. The striking feature is that 25 percent of the 971 
who remained in the eight major subfields changed from one of these 
subfields to another. 

In addition to mobility among subfields, there also is a sub- 
stantial flow into other areas, for example, teaching, computer 
science, and other fields. Seventy percent of the 178 PhD's mov- 
ing into other areas went into general physics and teaching; the 
other 30 percent (4.3 percent of the degree mobile cohort) went 
into other sciences. The imbalance between outward and internal 
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TABLE II. 2A Subfield Distribution of Graduate Students, Young 
PhD's and University-Based PhD*s 



Pliysics 
Subfield 


Graduate 
Students 
t/ = 9000 


PhD*s 
<30 

/V = 1813 


University- 
Based PhD*s 
N = 8208 


Condensed-matter 


27.3% 


27.0% 


21.8% 


Elementary-particle 


15.7 


13.8 


13.0 


Nuclear 


14.8 


11.4 


11.3 


Atomic, molecular , 


7.4 


8.0 


7.0 


and electron 








Plasmas and fluids 


3.4 


6.4 


6.4 


Optics 


2.6 


4.8 


3.4 


Physics in biology 


1.3 


2.1 


1.6 


Acoustics 


1.1 


1.4 


1.2 


Astronomy* and 


4.9 


7.9 


6.7 


astrophysics 








Other 


21.5 


17.0 


26.4 


^Source of these data 


is American 


Institute of 


Physics publication 



No. R-207.2. 



mobility could have been biased by the selection of a sample popu- 
lation consisting only of physicists; however, a longitudinal anal- 
ysis of the entire PhD population between 1960 and 1966 indicates 
that this trend is not artificial. 

New PliD's who leave the university are more likely to change 
sub fields than those who remain. In our sample which includes 44 
percent of all physics and astronomy PhD*s granted in 1968 and 
1969, the 466 young people who left the university were 36 percent 
more likely to change subfield than the 614 who remained. Of those 
who remained, about 250 were probably postdoctorals, a status often 
used for advanced specialization rather than diversification. 

The pattern of youthful interest in physics subfields differs 
significantly from that of the physics population as a whole. 
These differences are reflected in a comparison of the age distri- 
butions of the various subfields, a comparison that is facilitated 
by constructing a set of appropriate cohort ratios. Table 11.26 
presents a comparison of the ratio of the under 30 cohort with the 
40-45 cohort.* The variations from average among the subfields 
illustrates a distinct pattern of youthful interests compared with 
mature interests, which is depicted in Figure II. 4. The general 
persistence of this pattern since 1964 also is indicated in Fig- 
ure II. 4, although some changes are evident. Interest in physics 
in biology has increased, and that in elementary-particle physics, 
which still attracts the young, clearly is decreasing. Interest 



The analysis is not sensitive to the particular choice of a mature 
cohort. A rank ordering of the subfields by median age illustrates 
the trend. 



57 



1512 PHYSICS tN PERSPECTIVE 



TABLE 11.25 Subfield Transitiog Matrix for Physicists Receiving 
the PhD between 1968 and 1970°' 



Subfield 
in 1968 


Subfield in 


i 1970 








Op& 


A&R, 




Total 
1968 


AME 


EP 


NP 


P&F 


CM 


PB 


Ac 


E&P 


Other 


AME 




1 


3 


5 


15 


4 


14 


4 


23 


113 


EP 


0 


109 


10 


2 


7 


0 


3 


10 


26 


167 


NP 


5 


5 


107 


4 


11 


2 


2 


6 


23 


165 


P&F 


2 


1 


0 


52 


6 


0 


5 


3 


10 


79 


CM 


11 


2 


6 


10 


272 


6 


34 


4 


65 


410 


PB 


1 


0 


3 


0 


1 


12. 


2 


0 


3 


22 


Op&Ac 


6 


0 


0 


0 


7 


0 


29 


1 


9 


52 


A&R.E&P 


2 


I 


2 


2 


4 


0 


8 


108 


19 


143 


Other 


1 


4 


2 


1 


10 


2 


8 


4 


70 


102 


Total 


72 


123 


133 


76 


333 


26 


102 


140 


248 


1251*^ 


1970 























'^Subfield abbreviations used are the same as those identified in 
Table II. 9, focLnote 

^Age characteristics of the sample: lower quartile 28.6; median 
30.2; upper quartile 32.9. Mobility with regard to type of employ- 
ing institution: mobile 37 percent; static, academic 49 percent; 
static, nonacademic 14 percent. 

*^There were 604 additional respondents whose responses on subfields 
were incomplete. 



in astronomy and earth and planetary physics has increased consid- 
erably, and that in plasmas and fluids has diminished. The over- 
all regularity and persistence of the interest profile suggests 
that the emphases of the previous decade do not persist in the sub- 
field age distribution; subfield mobility effectively dissipates 
fluctuations in fashion. 

The profile of youthful interest depicted in Figure II. 4 is 
similar to the profile of foreign involvement in U.S. physics dis- 
cussed in Chapter 8 of Physios -in PevspeoHvej Volume 1 and shown 
there in Figures 8.9 and 8.10. The concentration of foreign-born 
physicists varies with subfield in the same way as the concentra- 
tion of young physicists and the median age of the foreign group 
is inversely correlated with concentration; that is to say, sub- 
fields that attract many foreign physicists also attract principal- 
ly young foreign physicists. 

A significant feature of the data of Table 11.26 is that the 
relative concentration of young PhD*s is not correlated with dif- 
ferential subfield growth. Although this finding may reflect to 
some extent limitations on the available options in graduate edu- 
cation, it is clear that the rapid growth of astrophysics and rela- 
tivity, earth and planetary physics, and optics results from in- 
tellectual mobility at: all ages. Optics provides a representative 
example. 
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FIGURE II. -f: Comparison of youthful and mature interest in various 
subfields of physics- the size of the 30 cohort compared with the 
40-45-yeaL-old cohort. 
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Between 196A and 1970 approximately 700 PhD's went into optics. 
(The increase of 600 shown by Register data is about 85 percent of 
the total.) In this same interval the Doctorate Records File shows 
80 new PhD's in optics. To have met the actual growth rate with 
pliysics graduate students (assuming 100 percent retention of new 
doctorates in the subCield) would liave required an 875 percent ex- 
pansion of university facilities as well as a promotional campaign 
to reverse what is apparently a rather well-established motivational 
pattern. There is no evidence to suggest that optics received any 
special external stimulation, such as increased federal support 
during this period of growth. 

Tablf IT. 27 shows changes in optics manpower between 1968 and 
1970. The major interchanges with optics were with atomic, molec- 
ular, and electron physics and condensed matter, subfields with 
which considerable overlap might be expected. However, a nontriv- 
ial interchange with all subfields is evident. Among established 
PhD's only about 300 remained identified with optics in both years; 
A71 entered from other subfields and another 303 left. The static 
component in the subfield is relatively small compared with the 
mobile population and the net change in optics is the difference 
between two large numbers. All ages participated; the median age 
of inward mobile components correlates roughly with the median age 
of the subfield of origin. An examination of simultaneous changes 
in type of employing institution among optics PhD's between 1968 
and 1970 provides no evidence that external circumstances had any 
particular effect on manpower interchanges in thte subfield. Of 
the 289 established PhD's who worked continuously in optics, 10 
percent changed type of employing institution; of the A71 PhD's who 
entered the subfield, 13 percent changed type of employing insti- 
tution. Taken together, 11.6 percent of the 1970 optics manpower 
had made a change in type of employing institution since 1968, the 
same percentage as for the overall physics population. The move- 
ment into optics, then, is largely an in situ process. 

The pattern of subfield interchanges for all PhD's in the 1970 
Register for whom adequate responses were also available in 1968 
appears in Table 11.28. The sample amounts to 80 percent of the 
PhD's in the 1970 Register, an estimated 65 percent of the total 
U.S. physics PhD population. On the basis of this classification 
scheme (an 11 by 11 matrix), some 3A percent of the physics PhD's 
changed the subfield in which they were working between 1968 and 
1970. Some subfields had a higher proportion of mobile PhD's than 
others, as Table 11.29 s!iows. This Table ranks the subfields ac- 
cording to the inward mobile fraction of the 1970 totals. In some 
instances, the apparent variation results from the diversity of 
specialties that comprise a given subfield. In condensed matter, 
for example, a major change in scientific interest from supercon- 
ductivity to high-pressure physics would not show in the matrix of 
Table -11.28. In contrast, elementary-particle physics, another 
subfield of low mobility, is defined by only six specialties— 
hadroTis, leptons, photons, high-energy cosmic rays, quantum field 
theory, and other. This brief list adequately describes the in- 
terests of 8A percent of the 1970 elementarv-particle Phvsics Pop- 
ulation, The actual magnitude of the mobility inferred from such 
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TABLE 11.27 Changes in Optics Manpower*^ between 1968 and 1970 



Subfield 
in 1968 



New PhP's 



Doctorates before 1968 



or 1970 Entrants Leavers Entrants Med. Age Leavers Med. Age 



Op 

AME 

EP 

NP 

P&F 

CM 

E&P 

PB 

Ac 

Astron 
Gen . phys . 

& teach. 
Other 

sciences 

1970 
total 



19 




298 


A1.6 






lA 


6 


92 


38.7 


60 


A3.0 


2 


0 


10 


3A.0 


A 


35.5 


2 


0 


26 


A5.2 


5 


51.5 


A 


0 


27 


37.5 


5 


36.2 


25 


5 


211 


A1.3 


95 


39.2 


A 


0 


11 


A1.5 


19 


39.9 


1 


0 


8 


A7.5 


6 


A8.5 


0 


0 


7 


A1.5 


2 


36.5 


0 


1 


11 


33.5 


A 


A1.5 


7 


A 


A7 


Al.O 


65 


A7.5 


1 


1 


21 


AA.O 


38 


A7.3 



79 



Other 
subfields: 
Entrants 60 
Leavers 

1968 
total 



17 
36 



769 



A71 



AO. 9 



303 
601 



A2.A 



^Based on respondents to both the 1968 and 1970 National Register 
surveys. Such respondents amount to 6A percent of new PhD*s and 
about 65 percent of all established PhD's. 

^Subfield abbreviations used are those indicated in Table II. 9, 
footnote b. 

a transition matrix depends, of course, on the dimensionality of 
the matrix; the finer the distinctions, the greater the numerical 
magnitude of the mobility. 

Table 11.30 presents a comparison of established PhD s with the 
degree mobile cohort and shows that established PhD's are about as 
likely to change subfields as are new PhD's. More scientists move 
away from the discipline-intensive physics subfields than enter; 
the flow to other sciences amounts to 3 percent for established 
PhD's compared with A percent in the young cohort.* The higher 

*A 10 percent flow of new physics and astronomy ^^^'s to other fields 
is reported by the Office of Scientific Personnel in 1969 (OSP-MS-3, 
April 1970). The difference results from different definitions. 
We have included some chemistry, earth sciences, and biosciences 
in physics subfields. 
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TABLE 11.28 Transition Matrix hotwoen 1968 nnd ,1970 by Hubflelcl 
of Employment for all 1970 PliD'a'^^ 











Nl' 


y 


I* 




CM 




IMi 




















"h * 




A&K 




41 . 5 


15. 5 


V) . 5 








17.5 


12.5 














17 


11) 




10/ 




'» 




r).5 






11.2 


IH.4 


Ui. 5 


17. ft 


,li.5 


JV.2 


J1.5 




11 


15 




ft5 


7 


1 


10 


25 


2H 




Kl' 




15. 5 




15. '> 


14.0 


3 J. 5 


13. H 


31.0 


31.0 


36.5 




u 


IH 


5/. 


11 56 


12 


H 


20 


HQ 


21 


16 


HV 




11. H 


/.l.H 


18.: 


17.5 


11 .5 


V. . 


V) . 5 


15.5 


■i6.1 




1 


1/ 






202 


I J 


215 


4'i 


12 


^1 


f 




/.!.{) 


11.5 


17.5 




ri.^ 


40.5 


IH. 7 


1/..5 


17.5 




I 


12 


5 


6 


26 


110 


156 


14 


1 1 


1 


H 


15. 5 


17. H 


41.0 


/.I. 5 


13.9 


37.2 


16. H 


36 . 5 


A1.5 


11.5 






20 


7 


12 


22fl 


14 3 


571 


59 


2 1 


3 


\*f,\- 






I/. 5 


AO. 5 


19. f) 




.17.') 


17.9 


36.2 


31.5 






I J'j 


11 




HH 


13 


101 


2634 


26 


25 


CM 


51.5 


17.0 


1(>. 7 


/.2,5 


If,. 3 


35.5 


16.2 


37. 1 


1H.5 


36.2 






1 


15 


2 


4 


1 


7 


17 


323 


1 


UV 


U.5 


J'^ . 5 


17. ; 


12.5 


41.$ 


13.5 


15.5 


40.0 


3fi.5 


35.5 






i 




22 


/; 




4 


6 




112 


PH 




51.5 




IH . 5 


15.5 




15.5 


45.5 




19.0 






Aft 


it 


5 




1 


'j 


100 


19 


h 


Op 




.**0 . 0 


15.5 


51.5 


If). 5 


16.0 


:iA.2 


1H.7 


19.9 


48.5 



An- 

Imn MIhc 



196H 
Tntdl 



Ac 




43.5 




51.5 


37 . 5 


35.5 


15.5 




75 


12 


7 




2 


2 


4 


Awtron 


13.7 


40. 5 


37.5 


43.5 


38.5 


33.5 


34.5 




9 


34 


31 


59 


51 


10 


61 


Mine 


39.0 


42.5 


34. H 


40.0 


42.0 


46.5 


42.7 


Totnl 


195 


7H1 


106^ 


1 190 


461 


196 


R17 



Age* 



2/* 2 
40.5 45.5 



55 
5 35.4 



11.2 
35.4 
40.7 



32. 1 
37.4 
44. 7 



31.3 
34.9 
40.8 



33.0 
3H.7 
45.3 



33.9 
39. 1 
45.9 



32.5 
36.6 
42.6 



33.2 
37. B 
44.3 



179 55 
39.4 44.7 



32.3 32.7 
37.2 38.3 

43.4 45.1 



106 
17. H 

12 

31.5 
2fl 

/♦I. 5 
10 

16.5 
21 

15.5 
31 

15.5 

216 
39.8 

15 

39.0 
9 

47.0 

117 
41 . 1 



11.5 



1 

27. 
5 

33. 

38 
35. 



6 

37.5 

2 

36.5 



7 

in.o 

35.2 
1 

29,5 



5 

34,0 



I 

J1.5 

2 

10.5 
3 

47.5 
17 

37.7 



41.5 
5 



1 I 

)2.0 

155 
18..1 

14U 
14.0 

235 
39.1 

52 

41.2 

29 

39 . '.' 
81 

40.4 

478 
39.9 

52 

40,0 
17 

37.5 

108 
46.7 



^."?ul>f leld nbbrcvl.ntlonH used arc those Identified In Table 11.9, footnote b. 
'Lower quartlle. median, and upper quartlle. 



121 
16.2 

925 
17.0 

1210 
34,3 

1674 
38.7 

167 
19. 3 

45H 
37.2 

825 
38.1 

3759 
37.5 

486 
38.6 

190 
39.1 

637 
41.6 



38.0 


41.5 


43.6 




46.5 


43.0 


3 


11 


1 


391 


91 


658 


47.5 


33.5 


31.5 


36.6 


42.1 


36.1 


15 


76 


22 


17 


1327 


1885 


47.5 


41.5 


43.8 


43.5 


44.2 


43.5 


701 




,''57 




272 1 




33.0 


33.7 


34.5 


31.3 


34.6 


32.8 


38.6 


39.7 


40. H 


36.6 


42.3 


38. 3 


47.7 


47.3 


50.4 


44.2 


49.8 


45.6 



subfield mobility of new PhD's is associated with the major upheav- 
al that takes place between graduate school and postdoctoral em- 
ployment. 

Established PhD' s change jobs from time to time, and such changes 
afford opportunities to undertake new scientific interests. Be- 
tween 1968 and 1970, 11.9 percent of the established PhD's changed 
type of employing institution; Table 11.31 compares the concurrent 
changing of subfields of the mobile physicists with interchanges 
of those who remained in the same type of employment. Clearly, 
those who change jobs are 20 percent more likely to change sub- 
fields than are those who do not. However, a substantial amount 
of subfield changes occur within one type of employment. Those 
who move into and leave universities — the major component of em- 
ployment-change group — may^,|o, so. a^ a result of the pursuit of 
a certain type of research, or they may redirect their interests 
to be compatible with a more satisfactory employment circumstance. 
Employment mobility produces, on the whole, no more than a 20 per- 
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TABLK 11.29 Subfield Mobility between 1968 ond 1970, Rnnked 
According to the Inward Mobile Frnction oC the 1970 Tgtnl 



IMiyHiCH 
Sub fie Id 



[nwnrd Mobile an n l-rnction of 
1970 Total it) 



Elementary-particle 
Nuclear 

Condensed-matter 
Astronomy 

Plasmas and fluids 
Acoustics 

Atomic, moleculai;, and electron 
Physics in biology 
Earth and planetary 
Astrophysicy and relativity 
Optics 

Miscellaneous 



15.9 
17.8 
18.9 
19.8 
31.8 
33.5 
A3. 8 



AA, 
AA, 
57 
62 
51 



TABLK 11.30 


Subfield Mobility, 1968 to 1970 








Internal Mobility 








among Eight Major ^ 






PhD*s 


Subfield Groupings 


Outgoing 


Incoming^ 


New 

Established 


25% 
21% 


IA.2% 
10.7% 


2.5% 
A. 6% 



^Percentage of the 8 x 8 group. 
^Percentage of the total population. 



TABLE 11.31 Subfield Mobility of Established PhD's, 1968 to 1970 



Type of 

Employing 

Institution 


Percent 


Internal Mobility 
araong Eight Sub- 
field Groupings 


Out- 
going 


In- 
coming 


Med. 

Age 


Mobile ' 
Static 


11.8% 
88. 2^ 


25.8% 
20.1% 


12.2% 
10.8% 


5.0% 
A. 8% 


35.9 
39.8 



cent enhancement of subfield mobility. The employer-mobile popula- 
tion is distinctly younger than the employer-static part of the 
established PhD population, but, as age characteristics of mobility 
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wlLL ahow, thiu Cinillng MU^fc^cHtH, U* anything, an even Rrcnter en- 
hancement of Bubf lcld mobility iluo to HimiiJ taneouH (Mnployment 
mobility . 

To examine the age clopendonco of subfielcl mobility, we examined 
(lata on tho employor-wtat Ic , eHtabllHhed Phl)*s. The results appear 
in Tablu ti.32. The myth of youthful Intellectual mobility was 
unsubHtantlated. If anythluR, it appears that tlie likelihood of 
diversification of scientific interest Is correlated with profes- 
sional maturation. This result was checked against Register data 
on an earlier interval, 1960-66. The results are shown in Table 
tl.33, The upward trend displayed by the youngest cohort probably 
is a consequence of degree mobility; about 25 percent of that co- 
hort received the PhD shortly after the survey in 1960. The pat- 
tern of subfield Interclianges between 1960 and 1962 is generally 
comparable with that between 1968 and 1970. Although variation of 
mobility patterns with age is almost nonexistent in both sets of 
data, there were some differences in overall mobility. At the 
beginning of the decade there were fewer interchanges among major 
subCields than at the end of the decade. A balanced interchange 
between the major subfields and general physics and other sciences, 
which prevailed in the earlier period, became a discernible out- 
flow by 1970. The actual magnitude of these changes is not large, 
but the trends are clear. 

tn regard to mobility by subfield, the data were generally simi- 
lar for the two intervals. Those subfields broadly related to 
others are characterized by high mobility at both times; the most 
striking changes occurred in optics and physics in biology, two 
subfields of intense current interest. 

An examination of the dependence of subfield mobility on type of 
employing institution suggests that changes with time are related 
to stresses on the physics community. These data appear in Table 
It.3A. Clearly, the circumstances at the end of the I960's have 
increased the subfield mobility of industrial physicists and de- 
creased that of university physicists. The differences are not 
an artifact of a restricted definition of subfields, as the second 
column of Table II. 3A shows. There mobility is estimated on the 
basis of an expanded matrix that takes into account teaching, gen- 
eral physics, and other sciences. Again data on an earlier period 
should be examined. In 1960-62 and 196A-1966 subfield mobility was 
essentially the same in all types of employing institutions; within 
the eight major subfields, 15 percent from 1960 to 1962, and for 
this same population of AA15 PhD's, 13 percent, from 196A to 1966. 
The recent increase in subfield mobility among nonacademlc physi- 
cists is asociated with the reordering of research priorities. In- 
deed, the high mobility within the industrial group suggests a 
veritable scrambling about for new directions together with the 
shift in emphasis away from basic research . In the universities, 
on the other hand, the erosion of research budgets has reduced the 
number of new projects that can be undertaken. 

At any point in his career a physicist carries with him varying 
degrees of competence in a variety of subfields. This catalogue 
of subfield competence represents the accumulated experience of 



1520 PHYSICS IN PKRSPKCTTVK 



TABLE 11.32 SubEield Mobility of Kmploycr Static Katnbliflhod 
PhD' 8 by Agt», 1968 to 1970 

Cohort Age Internal Mobility 

in 1970 among KLght SubficldB (%) Outgoing (I) Incoming (/-) 



27-31 19,2 

32- 36 19.2 

37-41 20.8 

42- 46 21.8 

47- 51 25.3 

52- 61 25.2 

Total 20.7 
(iV « 10,013) 



9.9 


3.0 


8.8 


3.9 


9,5 


4.3 


10.4 


4.6 


14.5 


5.7 


13.6 


5.3 


10.7 


4.6 



TABLE 11.33 Subfield Mobility of Established Fall's, 1960 1962, 

1964—1966 



Cohort Baaed on 
Year of PhD 




1960— 
(10 X 


■1962 

10) Mobile 


1964 1966 

(10 X 10) Mobile 


1956—1960 
1950—1955 
1949 


1366 
1596 
1453 


27.1% 
25.5% 
27.2% 




40.5% 
36.7% 
39.4% 


TOTAL 


A415 









a 10 X 10 matrix that includes eight major subfie 



groupings plus teaching and other sciences. 



previous mobility as well as a developing s^^r of knowledge that 
can nurture new directions of scientific enqt.lvy. An analysis of 
research emphasis and scientific competence of a population pro- 
vides a measure of the shared interests of that population at a 
particular time. The distribution of subfield competence that 
resulted from our analysis had essentially the same features as 
that of subfield mobility. 

The distribution of first competence for PhD's working in var- 
ious subfields in 1970 is shown in Table 11.35. Again the general 
dispersion of subfield proficiency is evident. The breadth of an 
individual's competence can be further explored by looking at data 
on second, third, and fourth competences. A typical pattern of 
external compared to internal competences emerges, as Figure II. 5 
shows. For about one fifth of the PhD's first competence was out- 
side the subfield of employment. For lower levels of competence 
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TABLE Subfiuld Mobility of KatnbliHlicd PhD*H by Type of 

Employing Institution, 1968 to 1970 



Ins ti tution 


Internal 
(8 X 8)^^ 


Mobility 
(%) 


Total 
(16 ^ 


Mobility 
16) (%) 


University 


15 




31 




Industry 


29 




A2 




Government 


22 




35 




Research centers 


22 




32 




TOTAL 


20 




35 





^Based on eight major subfield groupings; see Table 11.29. 



In the 16 x 16 matrix, optics, acoustics, astrophysics and rela- 
tivity, earth and planetary physics, and astronomy are separated 
and the other category is subdivided into general physics, teach- 
ing, computer science, other science, and other. 



the percentage was, of course, higher. The fraction of competence 
outside subfield of employment provides a measure of the related- 
ness of subfields comparable with that used in the analysis of 
mobility, in which internally mobile group was compared with the 
total in the subfield. The average external competence for the 
physics population was 47 percent. Some subfields were character- 
ized by a higher percentage of external competence than others. 
Based on Table 11.35 and like tables for successive levels of com- 
petence, a rank ordering of subfields was developed (see Table 11.36). 
The sequence is much like that obtained for inward mobility (Table 
11.29). Changes in first competence form a pattern like that of 
subfield mobility, but the magnitude of intellectual diffusion at 
the level of first competence is considerably greater than it is 
at the level of actual scientific employment. 

Thus, we can look at three demographic measures of the diffusion 
of knowledge in pliysics: subfield mobility, external competence, 
and first competence mobility. Taken together these measures form 
a consistent pattern, as shown in Figure II. 6. The data in the 
figure can be read from left to right as follows; In, for example, 
plasma physics and physics of fluids, we see that inward subfield 
mobility accounts for 32 percent of the 1970 population (see Table 
11.29); concurrently, the first subfield of competence has changed 
for about ^5 percent of the subfield; finally, individuals working 
in this subfield typically report about 56 percent of their com- 
petence in other subfields (see Table 11.36). Although the. numer- 
ical scale of these measures depends on the way in which we define 
a subfield, comparisons are possible within this set. Generally, 
the greatest inertia, or the most stable intellectual relationship, 
is associated with a physicist's particular subfield of research 
emphasis. Surrounding this subfield of research interest is a 
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FIGURE II. 5 Competence in physics su*^rields. For those employed 
in a given subfield, additional competence in that subfield is 
proportional to A^, and competence in other subfields is propor- 
tional to A^. The example above is the average for PhD physicists. 
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TABLE 11.36 External CompeCerxe of PhD^s by Subfield, 1970 



Physics 

Subfield External Competence {A) 



Condensed-ma t te r 


27 


Elementary-particle 


AO 


Nuclear 


A3 


Earth and planetary 


51 


Plasmas and fluids 


56 


Atomic, molecular, and 


57 


electron 




Astrophysics and relativity 


60 


Acoustics 


62 


Optics 


65 


Physics in biology 


70 


Average 


A7 



^ ^ . ' . t ' 

OPTICS 

ASTROPHYSICS Qnd. ^.:/ J.^v^:./v;:> 

RELATIVITY l^r-1t'-r;r''-Wi^V'} 

PHYSICS in 

BIOLOGY ^■•^v-^■-;- i ^f^^■^^rv-■i^^-v4•^;m'---• v.-.vr.^^o^r.v-^-^;i^-?-vi 



ATOMIC, MOLECULAR I 
and ELECTRON > 



ACOUSTICS k ^ 

^ C 

EARTH and l,.--:^.!r;?^J] b S ^ 

PLANETARY l -^V • v-'-^;li ^ § qJ 

PLASMAS and r:::^^^^^^ I ^ P 

FLUIDS i ' ' . ;^-v^•^Nf^^v•'^>•rv ^^sr i, vJ S g ^ 

r4 K ^ 

!S !e ^ 

^ 5: S 



^:v^y:>;?r^>^^^i^^l^>2^'V^ NUCLEAR § ^ ^ 



t' ^ >i^^^^O'^^ '' ..^l-^' ' y^- ' rv ' !a ELEMENTARY § S 

| - : > ! ^.r^^^-."^in:ii CONDENSED 

MATTER " 

I I \ \ \ 



!0% 20% 30% 40% 50% 60% 70% 

INWARD MOBILITY AND EXTERNAL COMPETENCE 

FIGUKE II. 6 The comparison of inward mobility of employment sub- 
field, subfield of first competence, and the degree of external 
competence for physics. The scale is linear in the ratio of ex- 
ternal to internal relatedness. 
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radius of competence in other sub fields. Changes in the catalogue 
of competence are both extensive and frequent compared with changes 
in research activity. If the pattern of demographic diffusion 
(Figure II. 6) is compared with the pattern of extrinsic versus in- 
trinsic relationships among subfields developed on the basis of 
scientific criteria (see Physics in Perspective ^ Volume 1, Chapter 
5), a remarkable unity of scientific judgment and scientific be- 
havior is evident. 

II. 1.3.3 Non-PhD Physicists 

More than half (55 percent) the non-PhD physicists work in indus- 
try and government in jobs related to applied research and develop- 
ment. Thirty percent are engaged in teaching, with the majority 
of these teachers employed by high schools and two-year colleges. 
Non-PhD physicists are qualified for inclusion in the National 
Register by a bachelor's degree or its equivalent and a minimum of 
two years* professional experience in physics. Sixty percent of 
the non-PhD group has a master's degree, and 74 percent belong to 
professional societies, usually one of those represented by the 
AIP. Thus, the non-PhD *s in the National Register population are 
closely identified with physics through education, experience, and 
membership in professional associations, and this identification 
is made by the AIP on an individual basis. We 3hall examine the 
relationship of this population to physics-rela^:fcd employment and 
consider its principal demographic characteristics. 

II. 1.3.3.1 The Physics Labor Force and the Non-PhD Physicist 
Of a total of about 1.7 million scientists and engineers in the 
United States, approximately one third is scientists and two thirds 
are engineers. The Bureau of Labor Statistics (BLS) conducts an 
ongoing series of employer surveys of this population. A strati- 
fied sample of employers is drawn front a universe of 500,000 
establishments employing 33 million workers. What a physicist is, 
as distinct from a chemist, metallurgist, geoscientist , or other 
physical scientist, is the decision of the responding employer, 
who is instructed to count only those "who are actually engaged in 
scientific work at a level which requires a knowledge of the phys- 
ical sciences equivalent to that acquired through completion of a 
four-year college course with a major in one of the physical sci- 
ence fields, regardless of whether they hold a college degree. 

The employment distribution by BLS occupational sector of the 
physicists in the BLS survey appears in Table 11.37. Based on the 
assumption that the PhD's in the Register physics population are 
likely to be among those employed in physics, the second column 
of Table 11.37 distributes the estimated total PhD physicists 
according to BLS categories. The estimated employment of non-PhD 
physicists, the third column in this table, results from the dif- 
ference between BLS population and Register PhD physics population.' 



*Since estimates of the PhD population are based on individual re- 
sponses from 83 percent of the estimated physics PhD universe, the 
uncertainties in this part of the calculation are regarded as 
negligible. 
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TABLE 11.37 Estimated Total Physics Labor Fores, 1970 



Estimated BA (or 



Occupational BLS Physicists^ PhD's^ equivalent) Non-PhD^ s^ 

Sector Number Percent Number Percent Number Percent 



University 

Industry 

Government 

TOTAL 



21,200 AA 

20,000 A2 

6,800 lA 

A8,000 



11,800 59 

6,A00 32 

1,800 9 

20,000 



9,A00 3A 

13,600 A8 

5,000 18 

28,000 



^The 1970 total of A8,000 is apportioned by occupational sector 
according to the distribution of the 1968 total of A6,000 (BLS data;. 

'\he distribution gf the 20,000 estimated PhD*s is based on the 
16,600 PhD respondents to the 1970 National Register. 

^Difference between BLS numbers and numbers of Register PhD*s. 

The distribution of non-PhD professional physicists in the 1970 
National Register by BLS occupational sectors is shown in greater 
detail in Table 11.38. Clearly, the Register population in a given 
year represents about half of the universe of non-PhD physics em- 
ployment, and the representation by sector is entirely consistent 
with that universe. The professional non-PhD population represented 
by the 19,700 Register respondents in 1970 is difficult to estimate 
because of migration to and from this group. Some indication of its 
size can be made by means of a calculation that yields a correct 
answer when applied to PhD Register respondents. There were 3677 
qualified respondents in 1968, having a median age of 3A.5 years, 
who did not respond again in 1970. If we assume an equal number 
were not heard from in either 1968 or 1970, the nonrespondent con 
ponent of the Register-qualified population is about 7400, of whc 
a few would be students, about 600 would be high school teachers, 
and the remaining 6800 would be in the work force. The total num- 
ber of Register qualified non-PhD's in the work force is, thus, 
about 20,200, or 72.5 percent of the BLS total. We estimate, then, 
that professionally qualified on the basis of education, exper- 
ience, and professional self-identification non-PhD physicists 

amount to about 72 percent of the BLS-employer estimated non-PhD 
physics work foice. Responses to the combined 1968 and 1970 Reg- 
ister surveys amount to 83 percent of the qualified work force; 
1970 respondents alone amount to 67 percent of those who are quali 
fied In addition, the respondents include representative popula- 
tions of high school teachers as well as advanced graduate students 
and others who will be entering the work force. 

The distribution of non-PhD physicists according to the type ot 
employing institution used in previous tables based on Register data 
is shown in Table 11.39, with PhD's included for comparison. Not 
surprisingly, non-PhD's are much less likely to hold faculty posi- 
tions in universities than are PhD»s; however, junior college 
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TABLE 11.38 Labor Force Distribution of Non-PhD Respondents 
to the 1970 National fegister by BLS Occupational Categories 



Non-PhD 's 

BLS Occupational Sector Number Percent 

University and College 4,600 34 

University: 

Faculty 2,000 

FTE student employees^ 1,300 
Junior college 800 
University operated federal 500 

research centers 

Industry 6,300 47 

Industry 5,350 

Industrially operated federal 400 

research centers 

Other 550 

Govemmen t 2,500 
Subtotal (BLS occupations) 13,400 

Other Occupations 6,300 

Students (not included above) 2,100 

High school teachers 1,600 

Military 600 

Unknown employer 2 ,000 

Total, 1970 National Register 19,700 

'^The full-time equivalence (FTE) of 2600 university teaching and 
research assistants on the 1970 Register is estimated at 50 per- 
cent on trhe basis of NSF data. The NSF (Report NSF 70-16) gives 
the FTE of 84,391 graduate students in part-time employment as 
40,443. 



teaching is done largely by non-PhD*s. An extensive study of jun- 
ior college teachers in 1967 (NSF 69-3) shows that about half of 
those teaching physics did so full time. There were 496 full- 
time physics junior college teachers then, and 5 percent of the 
physics courses were- taught by PhD's. In the 1970 Register sample, 
there were 845 physicists in junior colleges, 7 percent of whom 
were PhD*s. The growth implied is consistent with overall physical 
science faculty growth in these institutions, but the NSF and Reg- 
ister populations are not strictly comparable. It is evident, 
however, that the rapid growth of two-year colleges has not entailed 



73 



15?8 PHYSICS IN PERSPECTIVE 



an accelerated recruitment of PhD*s during the l'>67-1970 interval* 
To an even greater p.iiCer.t... the teaching cf physics in high schools 
is done by non-PhD*s, 

Industry and th^2 federal government provide employment .':or 55 
peretnt of the non-PhD*s compared with 38.5 percent for PhD's. 
Research centers employ only 6 percent of Che non-PhD's compared 
with 14 percent of nhe PhD*3. These differences are consistent 
'/iLh the relatively greater eniphasis on applied research and de- 
velopment in the employment of non-FviD*s. 

TABLE 11.39 Employing Institutions of Non-PhD*s and PhD's, 1970 



Non-PhDVs PhD*s 



Employer 


Number 


Percent 


Number 


Percent 


University (faculty) 
InduBtry 
Government 
Researcli center 
Other 


1,990 
5,346 
2,5^5 
877 
3,588 


13.9 
J7.2 
17.8 

6.1 
24.3 


5,723 
3,805 
1,468 
1,912 
840 


41.6 
27.7 
10.8 
13.9 
6.1 


Secondary school 
Junior college 
Military 
Other 


1,628 
791 
650 
533 


16.1 
8.2 


31 
54 
113 
642 


0.6 
5.5 


SUBTOTAL^ 


14,346 




13,748 




University (non- 
. faculty) 
Unknown 


3,319 
2,026 




2,500 
383 




TOTAL 


19,705 




16,631 




Median age 


32.9 




37.4 




^The non-PhD sample 


represents an 


estimated 67 


percent of 


the uni- 



verse of Register qualified full-time professionals; the PhD sample 
is approximately 85 percent of the PhD universe. 

II. 1.3. 3. 2 Educational Mobility of Non-PhD Physicists Some 60 
percent of the non-PhD physicists hold a master's degree. Between 
1968 and 1970, departmental surveys indicated that there were about 
8000 graduate students in the third year of training or beyond. 
This pool of qualified non-PhD physicists is one fifth the size of 
the nonstudent professional work force, estimated at 20,000 non- 
PhD 's and 20,000 PhD's. Most of these students are employed, 60 
percent of them part time and 19 percent full time, usually in 
universities. Graduate students thus represent the supply of pc^- 
tential professional physicists and their employment demonstrat'-ifi 
a demand for non-PhD 'physicists, especially in universities. 

The mobility of physicists in regard to student status between 
1968 and 1970 is shown in Table 11.40. By 1970, 77 percent of the 
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TABLE 11.40 Educational Mobility" of Qualified Non-PhD Physicists 
between 1968 and 1970 



Status in 1970 

Status Student Nonstudent 

in 1968 Full Time ParL Time N'on-PhD New PhD 1968 Total 



Studi:.nt 














Full time 
Part time 

Subtotal 


899 
81 


73 
226 

1,279 
(23%) 


1.055 
1.277 

2.332 
(43Z) 


1,624 
226 

1.847 

(34%) 


3.651 
1.807 


5,485^ 


Non-PhD 


149 


169 


8, 738 




9.056 




Subtotal 




318 
(4%) 


8,738 
(96%) 






9,056 


1970 total 


1,129 


486 


11,070 


1,847 


14,514 




Median age 


28.3 


31,6 


36.8 


29.9 






"fn 1968 there were 


7800 graduate 


students beyond 


the second 


year of 





training. 

The Doctorate Records File counts 2874 new PhD's In academic years 
1967-1968 and 1968-1969. 



1968 advanced graduate students had entered the nonstudent work 
force, 34 percent as new PhD's and 43 percent generally as terminal 
non-PhD professionals; 23 percent continued their training. Re- 
turn to graduate study was reported by 4 percent of the regularly 
employed non-PhD population. 

11.1.3.3.3 Subfield Distribution of Non-PhD*s The subfield of 
employment of nonstudent non-PhD* s and advanced graduate students 
appears in Table 11.41. To a large extent the subfield distribu- 
tion of non-PhD employment is negatively correlated with the employ- 
ment of young PhD's shown in Table 11.26 and Figure II. 4. However, 
a positive correlation exists between the subfield employment of 
non-PhD's and mature PhD*s. The subfield interest profile of grad- 
uate students corresponds to that of PhD university faculty, shown 
in Table 11.24, and is negatively correlated with non-PhD employ- 
ment. The most striking mismatches between graduate training and 
non-PhD employment occur in optics, acoustics, and earth and plan- 
etary physics. These three subfields, which employ a greater than 
overage number of non-PhD *s, are those least represented in the 
mtio of student emphasis to non-PhD employment. Whether graduate 
education is an adequate source of non-PhD physicists, the profile 
of specialized training in graduate schools does not correspond to 
the profile of specialties characteristic of the employment of 
non-PhD *s. 
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TABLE II. Al Subfield Distribution of Non-PhD Physicists Students 

and Nonstudents — 1970 



Physics 
Subfield 



Astrophysics and relativity 

Elementary-particle 

Nuclear 

Atomic, molecular, and electron 

Plasmas and fluids 

Condensed-matter 

Earth and planetary 

Physics in biology 

Optics 

Acoustics 

Astronomy 

Miscellaneous 

TOTAL 



Students Nonstudents 



80 


79 


437 


413 


443 


1,168 


286 


576 


195 


503 


1,005 


2,573 


157 


567 


53 


135 


233 


1,936 


67 


704 


145 


344 


857 


6,749 


3,958 


15,747 



Other physics, 27 percent;, teaching, 46 percent; other sciences, 
27 percent. 

As is true of PhD's, subfield mobility among non-PhD's provides 
the means of adjusting manpower supply to the prevailing patterns 
of use. Of 5759 non-PhD's in eight major subfields in 1968 and 
1970, 73 percent remained in the same isubfield throughout the two- 
year interval, a percentage equivalent to that for PhD*s. 

A measure of subfield mobility among relatively established non- 
PhD's can be derived by using the population who did not change 
types of employing institution between 1968 and 1970; fcr this 
group the mobility among major subfields was 23 percent. Compared 
with 20 percent for established PhD's. One difference between non- 
PhD's and PhD's is that the simultaneous subfield mobility of em- 
ployer mobile individuals is considerable enhanced — 38 percent of 
non-PhD's compared with 23 percent of PhD's changed type of employ- 
ment, and 26 percent of non-PhD's compared with 20 percent of PhD's 
changed subfield also. Non-PhD *s apparently are somewhat more like 
ly to adjust subfield emphasis to suit new employment than are PhD' 
An important similarity between non-PhD's and PhD's is that sub- 
field mobility shows a negligible dependence on age. In a two-year 
period, changes in subfield among the eight major ones comprising 
physics by approximately one fourth of the physics population seems 
to be characteristic of professional physicists, regardless of age 
or degree status. 

Since industry and government are the major employers of non- 
PhD*s, we examined the subfield distribution of non-PhD's thus em- 
ployed. As shown in Figure II. 7, employment outside the discipline 
specific subfields amounts to approximately 30 percent for those in 
both types of employing institutions. This miscellaneous category. 
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OPTICS 



ACOUSTICS 



Y/////////yj^ ATOMIC, MOLECULAR, and ELECTRON 
and PLASMAS and FLUIDS 



lUCLEAR 



Y//////X GOV ERNMENT 

mmmkm industry 



EARTH and PLANETARY, 
and ASTRONOMY 



7////////////////////^^^ 



1 



10% 20% 30% 

DISTRIBUTION OF SUBFIELD EMPHASIS 

FIGURE II. 7 Subfields of non-PhD physicists in industrial and 
government employment. 



for both industry and government, can be subdivided into general 
physics (A8 percent), computer science and mathematics (30 percent), 
and other scierices (22 percent). Optics and condensed matter to- 
gether provide about: 50 percent and 30 percent of the non-PhD em- 
ployment in industry and government, respectively. The percentages 
For PhD's thus employed were 60 percent and 30 percent. Other than 
•.I'Jrinsed matter and optics, industrial and government employment 
araiJs about the same mix of acoustics; atomic, molecular, and 
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electron physics; plasma physics and physics of fluids; and nuclear 
physics, although the proportion engaged in these subfields is 
slightly greater among government-employed non-PhD's. Earth and 
planetary physics, particularly atmospheric physics, and astronomy 
are the subfields of a greater number of non-PhD's in government 
than in industry. 

II. 1.3. 3.4 Work Activities of tJon-PhO Physicists Like their PhD 
counterparts, the major work activities of non-PhD professional 
physicists are research and development. The difference is that 
for PhD's research is the primary activity; for non-PhD's develop- 
ment is primary. Figure II. 8 compares work activities of PhD's 
and non-PhD's in industry. The same differences prevail in all 
types of employing institutions, as Table 11.42 shows. Clearly, 
the development work done by professional physicists is performed 
largely by non-PhD's. In regard to primary work activity alone, 
about 7 percent of the total professional work force is engaged in 
development ancl 85 percent of these are non-PhD's. Because devel- 
opment j-s a major activity of private industry, which is the prin- 
cipal employer of non-PhD physicists, we examined the development 
activities of physicists in industry in greater detail in Table 
II. A3. Development-related work activity constitutes 37 percent 
of industrial employment. For about half of those involved in 
development, it is a secondary activity, particularly for PhD's, 
and it is more likely to be secondary to basic and applied research 
for PhD's than for non-PhD's. If full-time involvement in primary 
and secondary development activity is assumed to be equal, 78 per- 
cent of the industrially employed physicists in development are 
non-PhD's. 

Consistent with their major role in development, non-PhD's repre- 
sent a correspondingly large fraction of the physics population in 
industry that is engaged in activities other than research and de- 
velopment. About 9 percent of the physicists in industry are em- 
.plpyed in activities other than research and development; of these 
8A' percent are non-PhD's (see Table II. AA). Just as devclcpscnt 
was frequently combined with research, other activities are com- 
bined with research and development by another 2A percent of the 
physicists in industry, 72 percent of whom are non-PhD's. It is 
clear from Table II. AA that management responsibilities are highly 
correlated with non-research-and-development employment of physicists. 

The use of qualified non-PhD physicists by industry has a certain 
relevance to projected industrial PhD use. To the extent that re- 
search and development level or decline is a fraction of the gross 
national product, increased employment of PhD physicists in other 
activities than these by industry is inevitable. The aggregate 
experience of prof essionaly qualified non-PhD physicists provides 
a model for the kinds of changes that are likely to take place in 
PhD use patterns. The adjustments appear to be essentially con- 
tinuous, starting with increased involvement in non-research-and- 
development activities in conjunction with research and develop- 
ment, and, if the changes follow pra-existent motivational patterns, 
one can expect an increased emphasis on the management role of phy- 
icists, already a substantial t'eature of professional employment. 
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FIGURE II. 8 The comparison of work activity priorities of non- 
PhD and PhD physicists in industry. (See caption to Figure II, 1 
for exact definitions of groupings.) 

The NSF predicts a substantial demand in the next decade for non- 
academic, non-research-and-development PhD physicists, a demand 
that is not reflected in current functional distributions or in the 
trends in these distributions. The NSF estimates that A2 percent 
of the nonacademic employment of new PhD*s will be in activities 
other than research and development. If this projection is based 
on a demand rather than an absorption process, increasing numbers 
of ?hD*s could be expected to assume a status-consistent modifica- 
tion of the traditional roles of non-PhD physicists. Thus non-PhD 
professionals could be providing a certain de facto leadership for 
the physics community and, possibly, leadership away from tradi- 
tional physics. 
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TABLE 11.43 Performance of Development in U.S. Industry by 
Professional Physicists, Universe Total/'^ 1970 



Priority of 



Development 


Non- 


PhD 


PhD 




Total 


Primary activity 


1780 




310 




2,090 


Secondary activity 


1800 




740 




2,540 


Basic and applied 




47% 




72% 




research primary 












Other activity 




53 




28 




primary 












Total in development 


3580 


78 


1050 


22 


4,630 (37%) 


Industry total 


7980 


63 


4620 


37 


12,600 



rse totals are estimated from Register respondents, assuming 
an 83 percent response from PhD's and a 67 percent response from 
non-PhD professionals. 



TABLE 11.44 Comparison of Research and Development, Non-Research 
and Development, and Management Responsibilities of Non-PhD's and 
PhD's in Industry, 1970 



Responsibilities Non-PhD (tJ = 5273)*^ PhD (U = 3733) 



Research and development 61% 77% 

Research and development 71% 62% 

Research and development 29 38 

plus management 
Research and development 27 19 

combined with non-reseaich 
and development 

Combined 57 54 

Combined plus management 43 46 

Non-research and development 12 4 
Non-research and develop- 51 45 

ment 

Non-research and develop- 49 55 

. ment plus management 

^Estimated universe = 7980. 
^^EstiiTdted universe = 4620. 
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II. 1.4 SPECIAL IN-DEPTH STUDIES 

in the foregoing discussion of physics manpower employment, and 
mobility, attention has been directed primarily to physics as a 
whole, although with some indication of variation by subfield. It 
is also possible to use the Register data to provide in-depth 
studies of different subfields. Two interdisciplinary subfields 
have been selected as examples— astrophysics and relativity and 
earth and planetary physics. 

II. 1.4.1 Manpouei' in Astvovhysias and Relativity 

The distinction between astronomer and pliysicist is especially 
difficult to draw in astrophysics and relativity. However, we can 
identify these scientists by the detailed specialties in which 
they are engaged. The specialties that comprise astrophysics and 
relativity appeared in Table VIII. 1 of Volume II, Part B, of 
Vhynictj in respective , reproduced here as Table II. 45. 

TABLE H.45 Core Manpower in Astrophysics and Relativity, 1970^ 

Specialty PhD's Non-PhD's 

Gravitational fields, gravitons 
Cosmology 
Galaxies 

Quasars, pulsars, and x-ray sources 
Relativity, gravitation 



Other^ 

Total respondents 
Student respondents 



^Data in the table are based on the National Register of Scientific 
and Technical Personnel. 

Respondents definitely in astrophysics and relativity, but for 
whom some items of Register data are missing. 

Some 250 PhD*s indicated that their major scientific work was in 
one of these specialties. For comparison, the specialties that 
comprise our Register definition of astronomy appear in Appendix 
B; 635 PhD's were identified with these specialties. 

Characteristics of scientists in astrophysics and relativity 
suggest multiple subfield relationships. Important in identifying 
manpower at the interface of physics and astronomy is earth and 
planetary physics, with 725 PhD's, the specialties of whom also 
appear in Appendix B. 

To count astronomers and physicists in this interrelated com- 
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51 
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munity is an oversimplification; however, to compare these da'ta 
with those resulting from the questionnaire circulated to institu- 
tions by the Astronomy Survey Committee, we shall undertake such 
a count. Many PhD's working at this interface would, of course, be 
counted by astronomers as astronomers and by physicists as physi- 
cists. The use of Register specialties to define the population 
obviates such double counting. 

The Register also obtains the self-idei.tif ication of respon- 
dents. The results of this self-identification appear in Table 
11.^6. The astronomers identified by institu tion s should include 
both self-identified astronomers and astrophysicists, a total of 
867 respondents, whom we estimate to be 85 percent of a totat 
population of some 1030 self-identified PItP astronomers. 

TABLE tl.46 PhD Self-Identification 



PliD Self-Ident if ication 



Register 






Space 


Otrher 


Subfield 


Subfield 


Astronomy 


Astrophysics 


Physics 


Physics 


Total 


Astrophysics 


55 


72 


9 


121 


2 57 


and relativity 












Earth and 


15 


61 




458 


7 24 


planetary 












Astronomy 


286 


209 


50 


99 


644 


Other physics 


92 


86 


119 


14,709 


I5,a06' 


TOTAL 


4A8 


428 


367 


15,387 


16,631 



An institutional definition of an astronomer, however, is on^ 
who is working on what, in the management's view, is astronomy. 
All those working in the Register specialties classified as astro- 
physics and relativity and astronomy would surely be included in 
such an enumeration, and some fraction of the earth and p.lanatary 
physicists would be counted as well. The latter fraction could be 
estimated by establishing the way in which management would clas- 
sify each of the relevant specialties in Appendix B. As Table 
11.46 shows, about 20 percent of the earth and planetary physicists 
identify themselves as astronomers or astrophysicists; that is to 
say, about 150 of the 725 PhD*s in earth and planetary physics 
could be identified with the institutions of astronomy. 

Table 11.47 summarizes the results and shows 1050 PhD respon- 
dents whom we believe could be readily identified as astronomers 
from the viewpoint of managers of institutions working in physics 
and astronomy. If we assume an 85 percent rate of response, then 
the population of permanent U.S. resident PhD astronomers in 
such institutions would amount to 1240 as of January 1970. This 
figure can be compared with the 1257 full-time, PhD-equivalent 
astronomy personnel , including teachers , postdoctoral fellows, 
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locally paid sCaff vii'n'/.ing eisewheie, and visitors paid locally, 
who were reported by managers to be employed in 171 astronomy 
institutions in the UsMted States and ' Galapagos Islands, which 
were suirveyed by the -»stronomy Survey Conunittee. 



TABLE II. A7 Identification of PhD Physicists and Astronomers 
with the Institutions of Physics and Astronomy 



Institution 



PhD' s in Regis ter Subf ields 

Earth 5 Astrophys. 
phv Planetary & Relativ. 



Physics related 
Both physics 

and astronomy 

related 
Astronomy 

related 



1: 



Institu- 
tional 
Astron. Totals 



>0 



250 



650 



15,975 
1,050 



FIGURE II. 9 depicts the interrelationship of physics and astron- 
omy in these two subf lelds— .is trophysics and relativity and earth 
and planetary physics. 




FIGURE II. 9 The interpenetration of physics and astronomy. 
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The c^-jracteristics of manpower in astrophysics and relativity 
are depicted in Tables II.A8-iI.54. Employment is concentrated in 
universities and the aniversity-based PhD^s are principally engaged 
in research. The distribution by academic rank is characteristic 
of a research-oriente-l group with a large number of young univer- 
sity-based researchfi-rs. Emphasis on theory is greater than in 
either physics or astronomy. Consistent with this emphasis, the 
production of journal articles is high; in 1968 the subfield ac- 
counted for 0.9 percent of the physics community but produced 1.6 
percent of the articles in a sample from Phyeica Abstracts (see 
Chapter IV), 



TABLE 11.48 Distribution by Employing Institution of Physicists, 

Astronomers, and Those in Astrophysics and Relativity 

Subfield of Research 
Discipline University Industry Government Center Other 



Astrophysics 73% 7% 9% 9% 4% 

and relaCiv- 
. ity 

Astronomy 63% 7% 18% 11% 5% 

Physics ' 50% 24% 9% 12% 5% 



TABLE 11.49 Distribution oi.* Work Activities of University-Based 
Group 

Primary Work Astrophysics & 

Activ-fty Relativity Astronomy Physics 



Basic research 66.3% 60.4% 37.2% 

Teaching 29 . 3% 28 . 8% 49 . 7% 

Other 4.4% 10.8% 13.1% 



TABLE 11.50 


Distribution 


by Academic 


; Rank 








Astrophys, & 












Relativ. 


Astronomy 


Physics 


Rank 


Number 


Percent Number 


Percent 


Number 


Percent 


Full profes- 


h3 


24 


102 


28 


2421 


29 


sor 














Associate 


31 


17 


49 


13 


1697 


21 


Assistant 


46 


25 


104 


28 


2101 


26 


Faculty total 120 


66 


255 


69 


6219 


76 


Other univ. 


61 


34 


116 


31 


1989 


24 


emp loyment 














Total PhD*s 


181 




371 




8208 
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TABLE 11.51 Distribution of Theoreticians and Experimentalists 



Nature of Astrophysics and 

Work Relativity(%) Astronomy (%) Physics(%) 



Theoretical 
Experimen tal 
Both 


51 
30 
19 


28 
40 
32 


25 
50 
25 




TABLE 11.52 


Distribution by Degree 


Level 






J'ubfleld or 
Discipline 


PhD's 


Nonstudent 
Non-PhD's 




Non-PhD's 
per PhD 


As trophysics 

t ivlty 
As tronomy 
Physics 


& rela- 250 

650 
15,600 


79 

344 
15,700 




0.3 

0.5 
1.0 



TABLE II. 15^; Median Age of PhD's in 1970 



Sample 


Astrophys. & Relativ. 


Astronomy 


Physics 


Theoreticians 


33.9 


33.8 


35.0 


Total 


34.6 


35.0 


37.4 



TABLE 11.54 Median Age of PhD's in 1970 by Academic Rank 



Rank 


Astrophysics & Relativity 


r^:-ysic£}/ As tronomy 


Full professor 


46.0 


46.8 


Associate 


36.7 


37.4 


Assis tan t 


31.9 


32.4 



The subfield is composed of a comparatively young group, with s 
median age of 34.6. It affords relatively little opportunity for 
qualified non-PhD*s. 

The data show that scientists in astrophysics and relativity 
are somewhat more, like astronomers than physicists i result that 
could largely be expected from the institutional Cidracteristicc. 
of a nonapplied discipline. To describe the inters lationshi^ i"* 
physics, astrophysics and relativity, and astronomy, apart from 
the overriding institutional correlates, we can look at ci.^ a on 
field of PhD, subfields of additional scientific competent' and 
subfield migration. Tables 11.55 — 11. 58. Astrovnyoi,.:; a:>cl relativ- 
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ity is populated largely by physics PliD*s. The data on specialties 
of first and second competence other than specialty of emplo\Tnent 
show that for those in astrophysics and relativity specialties of 
first competence usually fall also within this subfield (82 per- 
cent so indicating). Astrophysics and relativity clearly is not a 
secondary pursuit; the secondary competences, physics and astron- 
omy, are the intellectual and practical foundation for the cre- 
ative thrust of this subfield. 



TABLE IX. 55 Field in WIvich PUD Was Obtained 



Field of Current Researc h 

Astronomy Physics as Astrophysics 

Field of PhD au a Whole(%) a WhoIe(%) and Uftlativity (%) 



Physics 36 80 70 

Astronomy 57 5 25 

Other 7 15 5 



TABLE 11.56 


Additional 


Subfield Competence of 


Phb*s in 


Astro- 


physics and Relativity, 


Astronomy, and 


Physics 






Subfield of 


Subfield of Employment 








Additional 


Astrophys. 


& Relativity 


.\stronomy 


Physics 


Competence 


Number 


Percenr 


Number 


Percent 


Number 


First level 












Astrophys. 


& 200 


82 


15 


2 


44 


relativity 












Astronomy 


15 


6 


458 


75 


124 


Physics 


28 


12 


141 


23 




Total first 


2A3 




614 




15,000 


Second level 












As trophys. 


& 85 


35 


57 


10 


82 


relativity 












Astronomy 


A2 


17 


279 


46 


158 


Physics 


117 


A8 


261 


44 




Total second 2AA 




597 




15,000 



TABLE 11.57 Numbers of PhD*s in Astv.-,-"-^vf.ics and Relativity, 
Astronomy, and Earth and Planetary P, ^.s, 196V— 1970 





Astrophys. and 




Earth 


Total 


Year 


Relativity 


Astronomy 


Planetary 


Physics/Astronomy 


1964 


65 


397 


311 


10,400 


1966 








11,800 


1968 


125 


711 


572 


14,300 


JL970 


250 


644 


7 24 


16,600 
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TABLE 11.58 Mobility into Astrophysics and Relativity and Earth 
and Planetary Physics 



1970 PhD^s 

1968 Sources Astrophys. and Relativity Earth and Planetary 



Same subfield 82 323 

Physics 37 203 

Astronomy 75 55 

Longitudinal sample 195 581 

1970 Register total 250 725 



Growth in this Subfield displays the explosive character 
typical of an exciting new research area of physics. Growth in 
both astrophysics and relativity and earth and planetary physics 
shows that substantial manpower is shifting into these subfields 
from traditional astronomy subfields. The patterns of growth also 
illustrate the close interrelationship of these subfields to 
physics and astronomy » 

Figure 11.10 depicts the components of growth in astrophysics 
and relativicy. The largest input, 75 PhD*s with a median age of 
33.7 years in 1970, came from astronomy; only seven PhD's went 
from astrophysics and relativity to astronomy. Of thor«e who entered 
from astronomy, 25 percent were under 31 years of age, and 25 per- 



o 




ASTRONOMY 
650 



FIGURE 11.10 Growth and Interchange, 1968 — 1970. Numbers are 
19/0 Register populations. 
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cent, over 38 years of a^e; therefore, this subficld can hardly be 
said to attract only young astronomers. The interchange with 
physics was more nearly reciprocal. Thirty-seven came into the 
subfield from physics in 1970, and 21 left it to move into physics. 
Six came from nuclear physics, 11 from elementary-particle physics, 
6 from earth and planetary physics, and 14 from other subfields. 
Of those who Left, one wenn into nuclear physics, 9 into elemen- 
tary-particle physics, 8 in'.^ t-arth and planetary physics, and 
3 to other subfields. 

II. 1.4. 2 Manpower in Soi^'th a>id Planetary Physics 

The study of the physical environment, the earth and its surround- 
ings, clearly is a mult idisciplinary activity that includes not 
just physicists but atmospheric, geological, and oceanographic 
scientists. About as many scientists are identified with earth 
and space science fields as with physics, perhaps 40,000 in each. 
An identifiable group of about 2000 physicists, those in earth 
and planetary physics, are working in earth and space sciences. 
If we look only at research effort, it appears that the earth 
and planetary physicists account for as much as 20 percent of the 
effort in earth and space studies. 

The characteristics of. earth and space scientists are drawn 
largely from National Register data; however, other data are 
available from BLS , NASA, and the Civil Service. We have used the 
Register data in our analyses, first, to depict the overall dimen- 
sions and characteristics of atmospheric, geological, md oceano- 
graphic populations and research effort and, second, to describe 
in detail the special characteristics of the earth and planetary 
physics population. Supplementary data, based largely on employer 
surveys, lack definitional consistency and are piecemeal, but they 
augment the manpower from the Register, giving in some cases 
quite different totals. 

There are some 33,000 earth and space scientists and some 
40,000 physicists. More than 1600 physicists work in earth and 
space sciences, but only a few earth and space scientists work 
in physics.* 

Table 11.59 shows the number" of scientists working in earth 
and space sciences and physics. A scientist is classified as work- 
ing In a field on the basis of his statement of a detailed special- 
ty that most nearly corresponds to his principal work activity. 
The assignment of specialties provides a working definition of 
discipline and subfield. 

Deciding what kind of scientist a respondent is is by no 
means as simple as deciding what, science one is working in. If 
a Register form is returned to the AIP but the respondent seems 
more like a geo .cientist than a physicibt. , his form is sent to 
the American Geological Institute (AGI) for review and inclusion 

These figures are based on an estimated 85 percent response to the 
Register, which is conservative for PhD*s and somewhat arbitrary 
for non-PhD*s. For non-PhD's, definitions of professional standards, 
job classifications, and fields become rather fuzzy. 
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with their respondents if qualified. In Table 11.59, the second 
column gives the processing society of most respondents In each 
category, thus the major professional identification of people 
working In eartli and space sciences. 

The data in Table 11.59 are also depicted In Figure 11.11, in 
a so-called "Fuji" representation. 

In our earlier discussions of other populations, the overall 
size has been estimated on the basis of all scientists regardless 
of their specific work activity. However, in this section we 
shall look principally at the research function to get a clearer 
indication of the relative role of the physicist compared T'ith 
earth and space scientists in the performance of research. 

Before we examine the Register population in detail, we will 
look briefly at a special group. Scientists working in "physics 
of the earth in space" were convened bv the National Academy of 
Sciences for study programs in the summers of 1968 and 1969. Fifty- 
two scientists participated, with continuity provided by 12 who 
participated in both summer sessions. We assumed that this group 
constituted an elite representation of scientific personnel in 
earth and space sciences. Table Tl.bO presents a tabulation of 
their scientific backgrounds and professional identifications. 

TABLE 11.60 Field and Degree Background of a Select Group of 
Earth and Space Scientists 



Field of Science 

with which Identified Field of Degree 
Fields Number Percent Number Percent 



Physics 


17 38 


21 


58 


Space physics 


5 11 






Astrophysics/ 


8 18 


A 


11 


astronomy 








Geophysics 


7 16 


A 


11 


Radio physics 


A 


2 




Electrical en- 


3 


A 


11 


gineering 








Aeronomy 


1 






Physical chemistry 


1 


1 




TOTAl. 


A6 


36 




Data on Al of 


the 52 were found 


in American Men of Science 


(11th edition) . We 


looked particularly at major 


fields of profes- 



sional ixit*ntif ication (such as physicist or geophysicist) , field 
of PhD, and society membership. The results suggest predominance 
of physics, with expertise in astrpwomy also a major constituent 
Society membership sometimes is regarded as a useful indica- 
tion of subject emphasis; for thi^; group it should be reasonably 
indicative because these are mature scientists whose economic 
status probably would override financial barriers to multiple 
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KIGURIC tl.U Scientific manpower in earth and space sciences, 
physics, and earth and planetary physics. 



memberships. Further, being acknowledged as successful in re- 
search, they would not be expected to join a society for reasons 
of status. Table LI. 61 presents data on society membership of this 
aroup. The distribution implies a sustained involvement with the ^ 
nhyslv- .'-nuiiunity. Because of the small percentage reporting de- 
cree bac^^round in geosciences, membership in the American Geo- 
physical Union, indicated by 56 percent, ^Pf "^^^ /^^^^^ 
quired idennif ication with this connnunity- A clear tvend toward 
a connection with astronomy also is indicated ,. altL.agh it is 
difficult to say whether this association is tr aditional or ac- 
quired, for astronomy typically has relied on a substantial in- 
flux of PhD*s from physics. 

These simple data on th - elite group suggest that- research 
at the so-called frontiers uf the earth and space sciences is • 
done by people with a strong background in physics, who generally 
maintain connections with the physics and astronomy communities 
and have acquired a relationship to the geophysics community. 
Indeed, professional mobility is a prominent characteristic of 

the group. a ^ i ^ 

We must examine properties other than size of various popula- 
tions to get a quantitative idea of the relative role of physi- 
cists in earth and space sciences. The PhD concentration of a sub- 
field or discipline is significant, because we find that publica- 
tion patterns are strongly correlated with PhD distributions. The 
degree concentration, distributed according to professional identi- 
fication appears in Table 11.59, as well as concentration among 
work ar^^^s. Physicists clearly are concentrated in areas charac- 
terized by a high concentration of PhD's. Apparently physicists 
tend to be more strongly involved in advanced- subject areas in 
which PhD training is important rather than in operations in 
which the generalist training of a physicist is usually considered 
a special cachet. 
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TABLE 11.61 Society Membership of a Select Croup of Kartli nnd 
Space Scientists 

Membership Indicated Memberslilp 
Society Number Percent Distr1.butioii(%) 

American Physical Society 

American Geophysical Union 

American Astronomical 
Society 

Institute of Electrical and 
Elec tronics Engineers 

American Meteorological 
Society 

American Chemical Society 

Total memberships 

Total on which this infor- 
mation wns obtained 



15 37 21- 

23 56 32 

15 37 21 

12 29 17 

5 

1 
71 
Al 



Other comparisons to show the place of physicists in this 
interdisciplinary iceberg require the com;)arison of earth and 
planetary physicists and earth and space scientists. Nonoverlap- 
plng groups can be defined with reference to Table 11.59. Earth 
and planetary physicists represent the physics (AIP) population. 
Earth and space scientists represent the earth and marine sciences 
(ACI) and atmospheric and space (American Meteorological Society) 
populations. We shall compare 26,000 earth and space scientists 
in 1968 (most recent American Science Manpower data) with 700 
earth and planetary physicists in 1970, for we want to present the 
most recent picture of physicists against the more slowly chang- 
ing background of earth and space sciences. When oossible, PhD s 
and non-PhD*s will be compared separately. Special characteris- 
tics of earth and planetary physicists will be discussed in de- 
tail in a later part of this section. 

.The distribution of earth and planetary physicists, compared 
with all physicists, among employing institutions appears in 
Table 11.62. Clearly, research centers employ many of these 
earth and planetary physicists. Although American Science Man- 
power does not show research center as a separate category, com- 
parison without data can be achieved by allocating research center 
PhD employees to universities (69 percent), industry (22 percent), 
and other employing institutions (9 percent). Table 11.63 presents 
this comparison and shows that the nonuniversity emvloyment pat- 
tern of earth and planetary physicists is more like that of earth 
and space scientists than of physicists. Kaarly as many earth and 
planetary PhD's work for government as for industry, which resem- 
bles the employment pattern of earth and space scientists and 
differs from tliat of physicists among whom there is a three-to-one 
industry/government ratio of use. 
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TABLE 11.62 EmpioymenC PattcrnH of tlarth and Planetary Physics 
PhD's and Non-PhD's Compared witli Those for Che Total Physics 



Population^ 



Kmpioying liartli and VUn- All Physics Earth and Plane- All Physics 
rnstitu- tary PhD's PhD's tary Non-PhD's ^on^PhD s 

tions .V-7i2(%) .V=:16,631(%) //-673(%) iV-19J05U) 



College and 


38 


51 


33 


28 


universi ty 






20 


33 


I ndus try 


23 


23 


Government 


22 


9 


31 


15 


Research 


13 


12 


4 


6 


0.:her ""^^^ 


4 


5 


12 


18 



Technical Personnel 
TABLE tt.63 Employment of PhD»s in K-nrth and Space Sciences 



Field 



Earth and plane- 
tary physics 
Earth and space 
sciences 
Earth and 

marine 
Atmospheric 
and space 
Physics^ 
Geology ^ 
Geophysics 



Oceanography* 



KniTJ lover 


Academic 


Industry 


Government 


Other 




No. 


% 


No. 


% 


No. 


% 


No. 


7o 




338^ 


47.5^ 


184^ 


26.0^ 


154^ 


21.6^ 


36^ 


5. 


0^ 


3198 


55.9 


919 


17.0 


922 


16.6 


234 


4. 


5 


2906 


61.0 ' 


865 


18.1 


796 


16.7- 


197 


4. 


1 


292 


57.5 


44 


8.7 


126 


24.8 


47 


9. 


3 




59.0 




26.0 




9.0 




5. 


0 


1229 


46.4 


572 


18.4 


448 


21.7 


148 


7. 


6 


187 


43.7 


161 


37.1 


51 


11.9 


29 


6. 


8 


123 


62.5 


16 


8.1 


45 


23.0 


13 


6. 


6 



, Estimated , ^ i j 

^'hese groups are derived from numbers working in these fields 
(see Table 11.59) and are commensurate with the other groups in 
this Table (TI.63). The numbers are listed only for comparison of 
distributions. 

Earth and planetary physicists are less often employed in uni- 
versities than are physicists in general. In Table 11.64, earth 
and planetary physics faculty is tabulated separately from uni- 
versity employees; comparisons are presented for physicists in 
general, nuclear physicists, astronomers, and AGI and American 
Meteorological Society populations. Faculty is defined as academic 
employees who specify academic rank of lecturer or above. Of 272 
earth and planetary physicists in universities, 173 acknowledged 
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TABLK U.6A Faculty Members tn hiarch and Planetary Physica, Vhv- 
stcs, and K.arth and Space Sciences"^^ 



I'ield of Total Professor Associate Assistant Instructor 

Degree Faculty or Dean I'l'ofessor Professor or Lecturer 

Physics 7A27 2623 2(VJ 2753 702 

Earth and 
planetary 
physics 



PhD 


173 


66 


66 


55 


6 


Total 


206 


69 


51 


68 


18 


Nuclear pliys- 


798 


266 


229 


2A6 


59 


ics 












Astronomy 


289 










Earth and space 


3868 


llAl 


939 


1213 


575 


sc iences 












l^arth and 


3580 


10A2 


865 


1135 


538 


mar Lne 












Atmospheric 


288 


99 


76 


78 


37 


and space 








776 


62 


PhD 


2632 


10A8 


768 



'^Grouped according to research specialty rather than academic de- 
partment. Data on physicists are based on the physics section of 
the 1970 National Register; those on earth and space sciences on 
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faculty appointments; an additional 36 of 221 non-PhD*s also 
claim such appointments. Table 11.65 summarizes data on faculty 
roles of PhD's employed in universities presented in Tables 11.63 
and 11.66. Clearly, earth and planetary physicists are not heavily 
engaged in teaching; they are not only less likely than either 
physicists or earth and space scientists to be employed in univer- 
sities, but those who are thus employed are less likely t.o fill 
faculty positions. If earth and planetary physics is to assume a 
more prominent place in the physics curriculum, substantial 
mobility will be required. There are about 175 self-acknowledged 
earth and planetary physics PhD faculty members, not all of whom 
are in the 2000 U.S. physics departments. Increased emph.-r^sis jn 
faculty responsibilities could lead to an influx of earth and 
planetary physicists from the immediate academic surroundings, a 
pool that amounts to some 150 additional PhD*s. A second source 
is academic physicists wiio are competent in earth and plane'-ary 
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TABLE 11. 65 (.lompnr lM<)ti n\' Kolos in Academic Institutions of 
PhD's m l-arth and Planeliary PhyHlcH, Pliyslcs, and Marth and Space 
SciencefJ 



Field 


Kacui ty 




Other 




Number 


Percent 


Number 


Percent 


Earth and planetary 


17 3 


51 


165 


^9 


physics (1970) 










/V » 338 








38 


Physics (1970) 


6A30 


62 


3270 


.7 » 9700 








18 


Earth and space i^clences 


2632 


82 


366 


(1968) .V - 3198 











"^Includes research centers operated by universities. 



ofi, )Ic!; l)ul who are not currently working in this subfield. Their 
i.umber .t.aounts to another 50 to 6U PhO's currently in college or 
MUversUy employment. Taken together these two sources do not 
nresent a large pool, cc npared with, for example, nuclear physics 
, ^ioar that expansion of earth and planetary physics in the 
■ :s curriculum would be manpower limited. A third kind of 
iity, intellectual mobility of subfield switching, would be 
..ded. A favorable outcome is possible from this third source, 
• jr intellectual mobility is a major characteristic ' of the physics 
puuii lat Ion. 

T-Me tl.66 shows the production of s»:udents in 1968 in the 
fields with vhich we are concerned. Although the total production 
is about thp same for pliysicists and earth and space scientists, 
.he concentration of PhD*s is twice as high in physics. As Table 
11.67 shows, patterns of degree production differ from those of 
use. Only a fraction of non-PhD»s enter scientiric work in any 
case, but the pattern is quite different for physicists and earth 
and space scientists. 

Table 11.68 summarizes the primary work activities of earth 
and space scientists and earth and planetary physicists. The dif- 
ferences in work patterns are striking. A high proportion of PhD's 
and non-PhD's in earth and planetary physics are engaged in re- . 
search (67 percent and 6A percent, respectively). The comparable 
figures for research for all physics are 55 percent for PhD*s and 
A7 percent for non-PhD'o. In the earth and space sciences, the 
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TABLE 11.66 Degree Production, 1968" 



Field 


BS 


MS 


PhD 


PhD as 
age of 


Percent- 
Total (';0 


Degrees/Faculty 


Physics 

Earth and space 
sciences 


5500 
2900 


2000 
LlOO 


L400 
438 


16 

8 




1.3 
1.2 


Earth sciences 

Oceanography 

Meteorology 






341 
49 
48 









'^bources of data presented in this table are ctie Am<irican Insti- 
tute of Physics, American Geological Institute, and NRC Doctorate 



Records File. 



TABLE 11.67 Production and Use of Physics PhD's in Physics and 
Earth and Space Sciences 



Field 


PhD Production(%) 


PhD Use in Field (%) 


Ph,'sics 

Er,rth and space sciences 


16 
8 


44 

13.5 



figures are 32 percent (PhD) and 18 percent (non-PhD). This find- 
ing reinforces the conclusion, derived from almost all types of 
data on these fields, that patterns of activity and employment in 
earth and planetary physics differ from those for both the earth 
and space sciences as a whole and physics. The especially high 
research commitment among non-PhD earth and planetary physicists 
suggest that they function much more in the way that PhD's do than 
is the case in other fields. ^ 

Table 11.69 shows numbers and percentages of PhD's and non-PhD s 
engaged in research in various employment settings. The emphasis 
on research that characterizes the earth and planetary physicist 
clearly is not a function of type of empj-oying institution, and 
the estimated allocation of 20 percent of the total research ef- 
fort in earth and space sciences to ea:*th and planetary physicists 
probably is conservative. Even non-PhD* s in earth and planetary 
physics amount to 12 percent of the research-oriented non-PhD 
total. 
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TABLE IT, f,8 Primary Work Activities of Earth and Sparc Scientists 



'.'ork Act Ivlties ("") 



R & U 



Dogree rind Field ^Re ^earch'^ Te a ching, Management 



PhDVs 

Earth and planetary 67 

(.V 707) 
Af. f scientists 30 

(,V = 4689) 
AMS scientists 50 

(;/ = 493) 

Non- ^hD' s 

Earth and planetary 6A 

(/V - 657) 
A(;l scienUisls 17 

(.V 21,746) 
AMS scientists 20 

(;/ = 5413) 



13 
4 2 
23 

7 
18 
5 



15 
9 
16 

11 
6 
7 



Other" 

5 
19 
10 

18 
59 
67 



"Data for the American Geological Institute and the American^ 
Meteorological Society respondents are based on A m erCcan Science 
:4anpowe.r 196 8 \ those on earth and planetary physics are based on 
the 1970 National Register survey. 

^Research includes basic and applied as well as the design and 
development category, which has a negligible effect in these 
groups . 

^The "other" category includes exploration and forecasting, which 
are major activities of many scientists in the geological and 
meteorological groups. 



In the academic community in which the teaching-research func- 
tion is especially important, the commitment of earth and plane- 
tary physicists to research again is striking. Tables II.7Ca— 
IX.Vod compare primary and secondary work activity of university- 
based scientists. One fourth of the earth and planetary physicists 
indicated research as both first and second major activity. Another 
one fourth reported research as primary and teaching secondary, 
and 14,6 percent combined research with some other secondary 
activity the other category including such activities as adminis- 
tration and management. In all, 64.6 percent indicated research 
as the primary work activity. Although 14.4 percent of the earth 
and planetary physicists are primarily engaged in work that is 
neither research nor te£.ching, approximately five in seven of them 
report a secondary commitment to research. 
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MaKpowev Data 1553 
TABLE 11.69 Distribution by Employer of Those Engaged in Research 



Academic Industry Government Other 



Degree and Field 


Total 


No. 


Z 


No. 




No. 


% 


No. 


% 


PhD^s 


2135 


R5q 


LO 


^^n 


20 






n7 




Earth and plane- 


A7A 


206 


23 


129 


29 


116 


18 


23 


17 


tary physics 


(22%) 


















Earth and space 


1661 


653 


76 


311 


71 


583 


82 


114 


83 


sciences 


(78%) 


















AGI scientists 


1415 


513 




292 




517 




93 




AiMS scientists 


246 


140 




19 




66 




21 




Non-PhD's 


3550 


1123 




728 




1422 




284 




Earth and plane- 


420 


173 


15 


82 


11 


138 


10 


27 


10 


tary physics 


(12%) 


















Earth and space 


3137 


950 


85 


646 


89 


1284 


90 


257 


90 


sc iences 


(88%) 


















Ac; I scientists 


2310 


683 




541 




97Q 




116 




AMS scientists 


827 


267 




105 




315 




141 





TABLE II. 70a Primary and Secondary Work Activity of University- 
Employed Earth and Planetary Physicists 



Primary Work 


Secondarv 


Work Activity(%) 




Activity 


Research 


Teaching 


Other 


Primary Totals (%) 


Research and 


26.4 


23. 6 


14.6 


64.4 


development. 










Teaching 


16.6 


3.3 




21.0 


Other 


5.7 


8.7 




14.4 



^Aix degrees included, // = 493 (1970 National Register). 



The data in Table 11.70 must be regarded as semiquantitative. 
Figures 11.12 and 11.13, which compare earth and planetary physi- 
cists with earth and space scientists, depict the <iil:ferences in 
these data for the two groups. 

We shall now examine the data on earth and planetary physicists 
in greater de tail— self-iden tif ication , degree background, work ac- 
tivities and competence, and changes in these characteristics with 
time. 
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TABLE ri.70b Primary and Secondary Work Activity of Unlvorsity- 



Employed Physicists' 



Primary Work 
Activity 


Secondary 
Rcsear cli 


Work Activity(%) 
Teaching Other 


Primary Totals(%) 


Research and^ 


16.9 


23.7 6.5 


47. 1 


develupmcnt 






44. U 


Teaching 


29.4 


V.3 /.3 


Other 


2.1 


2.9 3.8 


8.8 



Ail degrees included, // = 13,532 (1970 National Register ) . 
Development and design = 0.6 percent of primary research a 



velopment activity. 



TABLE 11. 70c Primary and Secondary Work Activity^of University 
Employed American Geological Institute Scientists 



Primary Work 


Secondary Work Activity(%) 


Primary Totals(%) 


Ac t iv i ty 


Research 


Teaching 


Other 


Research 3"^^ 


6.9 


11.1 


3.6 


21.6 


development 








65.0 


Teaching 


39.0 


12.6 


13.4 


Other 


3.2 


10.0 




13.4 



^All degrees included, /V = 5479 (American Science Manpower 1968), 
' Development is generally negligible. 



TABLE II.70d Primary and Secondary Work Activity of University- 
Employed American Meteorological Society Scientists 



Primary Work Secondary Work Activity(%) 

Activity Research Teaching Other Primary Totals(%) 



Research and^ 


22.2 


20.2 


13.5 


55,7 


development 






6.6 


27.4 


Teaching 


18.7 


2.1 


Other 


6.5 


13.3 




16.9 



?A11 degrees included, N = 782 {American Science Manpower 1968), 
"^Development is generally negligible:. 
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FXGUKE 11.12 Work activities of universicy-cimployed earth and 
planetary physicists. 




TEACHING 



MANAGEMENT and 
OTHER 



• T + R 



;.o+R ■ 



FIGURE 11.13 Work activities of uni»i?i?.rsity-employed geoscientis ts 
and meteorologists. 
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The composition of earth and planetary physics, based on selr- 
idenclClcation of its manpower, appears ;.n Table II. /I. We empha- 
size Chat the group Is constructed from people generally Identi- 
fiable as physicists who are working In earth and planetary physics 
the distribution of self - iden t I f 1 ca t ion that Js found by reading 
across the top row of Table 11.71 is a description of tliJise people 
rather than a means of Identifying tliem. The nature of protessional 
self-identification becomes clearer as one reads down tlie columns 
of the table, noting tliat , for example, 51.5 percent of the M? 
space physicists are working iu ediLii and planetary physics, 13.7 
pi-ircent in astronomy, 8.4 percent in plasmas and fluids, and 2b. ^ 
percent in various other subfieids. There are, of course, self- 
identified physicists in the AGl and American Meteorological 
Society portions of the Register wlio are not counted in the verti- 
cal totals of this table. 

Table 11.72 shows the degree background of earth and planetary 
physicists. Engineering and astronomy account for most of the 

nonphysJ':s PhD's. 

The detailed list of work specialties on the Register that we 
have defined as earth and planetary physics appears in Appendix B, 
with the numbers of PhD's and non-PhD's engaged in each. No one 
specialty is preeminent, so that in discussing this subfield the 
characteristics of earth and planetary physicists arc "-f domi- 
nated by some highly specialized particular research-iutarest 
group. 



TABLE 11.71 Professional Self-Identification of Earth and Plane- 
tary Physics PhD's 



Self-Identification 







Atmos- 










Space 


pheric 


Geo- 


As tro- 


Physi- 


Subfield of 


Physi- 


Physi- 


physi- 


physi- 


Employment 


cist 


cist 


cis t 


cis t 


cist 


Earth and 


26.1% 


16. A% 


7.3Z 


8.4% 


30.7% 



Other 



11.1% 



planetary 





51. 


5% 


70.8% 


Astronomy 


13. 


7% 




Astrophysics 








Plasmas and 


8. 


4% 


6.0% 


fluids 








Other sub- 


26. 


4% 


23.2% 


fields 








Total /V's 


367 


168 



55. 


,2% 


14.3% 


2.0% 






48.7% 


0.5% 






14.3% 


1.0% 


10. 


4% 




6.4% 


34". 


,4% 


20.2% 


90.5% 


96 




4 28 


10,969 2824 
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The relations butwuen subfluld.s can be explored wUb 
data In two wavs . first, by asking lUosc working In a s^'^ti^l'l 
at a Lime list «npriflc research areas In which they 

havo varying degrees of scientific competence and second by 
examining longitudinal data for evidence of subfield mobility 
In both subfield of employment and that of first competence 

Table 11.73 presents, for earth and planetary physics PhD s, 
the distribution of competence among other subfields. Astronomy 
Is a prominent type of competence, but some additional analysis 
Is required to see the paftern of subfield competence characterls- 
tic of earth and planetary physicists. This analysis requires the 
weighting of the citation frequency against the relative sizes of 
the cited subfields. The appropriate value of subfield relation- ■ 
ship Is obtained from the overall frequency of secondary compe- 
tence weighted by the ratio of the populations of the subfield 
under cr^nsideration divided by that of the subfield of relation- 
slilp. An alternative approach is that the relation rate is pro- 
portional to th'. intrinsic relation probability scaled by the cor- 
responding density of available relationships; in other words the 
rate depends on the transition probability times the density of 
states. The extreme right-hand r.olumn of Table 11.73 gives the 
results, weighted and averaged. 



TABLE 11.73 Additional Competence of Earth ^"V^^""^'^^^^;^/,^;,, 
cists, 1970: Subfield Citat ion Frequencies by Level of Competence 

' ' c..u,,.^^ rnvPl_^F Con-.t»etence(%) Weighted^^ 

Turfirid Ut/on^isr^- second Third Fourth .llTolh^ ' 



Earth and plane- 


710 


66.0 


51.6 


39.5 


37.9 


A9.0 


tary 
Astronomy 
Nuclear 

Elementary-par- 


630 

1780 
lAlO 


6.7 
5.0 
2.2 


7.8 
A. 6 
2.5 


11.6 
5.7 
3.7 


10.6 
5.9 
2.9 


11.3 
2.1 
l.A 


ticle 
Condensed-mat- 


A160 


3.8 


6. A 


6.7 


6. A 


1.0 


ter 

Atomic, molecular, 


1070 


3.3 


A. 3 


5. A 


6.7 


3.3 


and electron 
Plasmas and 


1100 


3.3 


A. 7 


7.1 


6. A 


3. A 


fluids 
Optics 

Miscellaneous 
No response (as 


1080 
3A60 


j.O 
5.9 

2.0 


7. A 
10.1 
3.8 


5.0 
13.5 
7.9 


5.5 
1A.5 
16.9 


3. A 
2.3 













percentage of 
710) 
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'Vhv palLuni of Ituol U-cLua 1 ru 1 a 1 1 onsli 1 p Chat I'mtTfttiS fi-^m thu 
analysis of thu KiiWLh and planoLary groups Ih uoL surprising; whaL 
Is remarkable Is LhaL IL is a quanLified pattern. Averaging the 
secondary competences and weiglu;lng lay t:Iie overall distribution of 
physics activity, we find that earth and planetary physicists re- 
late 57 perccnr'co uLhor cprth and planetary specialties, 15 per- 
cent to astronomy specialties, mid Jj percent to the combined sub- 
fields atomic, molecular, and electron physics; optics; and plas- 
mas and fluids. Fifteen percent relate to otlier specialties. 

A ranking of subflelds can be constructed on the basis ot 
degree of competence witliin and outside subfields. Table 11.7A 
presents the results. Tlie major feature of the table is that 
elementary-particle, nuclear, and condensed-matter pliyslcs are 
distinctly self-contained; plasmas and fluids; earth and planetary 
physics; and atomic, molecular, and electron physics overlap other 
subfields to an intermediate degree; optics and acoustics are 
strongly outward oriented. The evidence for realor latent subfield 
mobility Is for the most part stronger for non-PhD's tlian cor 
IMiD's, a situation that would suggest lower inertia for the non- 
PhD resulting from a lesser commitment of expertise and project 
respons lb 1 1 1 ty . 



TAHLE [1.7^ Competence Overlap 





Competence 


in Other Subf lelds/Additional 


Physics 
Subfield 


Competence 


in Subfield of Employment 


PhD's 


Non-PhD*s 


Condensed-matter 


0.38 


0. 


61 


lilementary-par tide 


0.66 


0. 


93 


Nuclear 


0.77 


1. 


07 


Earth and planetary 


1.05 


1. 


2A 


Plasmas and fluids 


1.28 


1. 


61 


Atomic, molecular, 


1.30 


1. 


90 


and electron 








Astrophysics and 


1.A7 


1. 


60 


relativity 








Acous tics 


1.61 


1. 


21 


Optics 


1.80 


0. 


97 


Physics in biology 


2.33 


3. 


08 


Weighted average 


0.90 


0. 


88 



So far in this Chapter we have dealt with horizontal distribu- 
tions of characteristics in 1970. We now look at patterns of 
change between 1968 and 1970. 

In the past two years (1968-1970) the number of PhD's working in 
earth and planetary physics grew from 567 to 712, a 25 percent in- 
crease in subfield population. Non-PhD*s increased by 12 percent 
from 599 to 673. In 196A there were 309 PhD*s in this subfield. A 
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TABLK Ll.7!i Aro IJI s t Ihvjt I uns of PhD'n In KarLli and PlanuLnry 
PhyHlcs 



Age of (AihL)rt 

in 1970 No. In 1968 No. In 1970 Cohort Cluingt; 



< 27 


o 


5 


3 


27-31 


57 


157 


100 


32-36 


lAL 


169 


28 


37-41 


128 


lAO 


12 


/♦2-46 


80 


9A 


lA 


A7-5i 


73 


71 


„2 


52-61 


6A 


66 


2 


>61 


22 


10 


-12 


TOTAL 


567 


712 


145 



look at the age distributions and net changes is provided by 
Table 11.75. 

Seventy-one percent of the net growth resulted t'rom new PhD's. 
The 1970 median age of the neW entrants was less than 31; the 
median age of the subfield as a whole was 37.8 years in 1968 and 
37.4 in 1970. 

When we look at subfield changes between 1968 and 1970 we 
find a new characteristic— a large turnover of manpower has oc- 
curred. Only 55.6 percent of those working in earth and plane- 
tary physics in 1970 were working in it in 1968; 33.6 percent 
of the 1968 population apparently left the subfield. This trend 
is typical of other subfields, as Table 11.76 shows. The first 
column shows the input of 1968 people to the subfield in 1970. 
Another input comes from persons who responded to the Register 
in 1970 but not in 1968; about 2600 of the 16,600 1970 PhD*s 
in the physics section of the Register did not respond in 1968. 
Most of these people were in the less than 30-year-old cohort. 
However, we have 1968 data on 82 percent of the 1970 respondents, 
thus the mobility pattern in Table 11.76 is representative. 

In addition to the magnitude and direction of the interchange 
of scientists between earth and planetary physics and other sub- 
fields, the median age of each mobile element also appears in 
Table 11.76. The age distribution of those who left is for the 
most part the same as for those who remained. The pattern of sub- 
field relationships implied by actual changes in subfield work 
is remarkably similar to that found in the investigation of sub- 
field competence of earth and planetary physicists (see Table 
11.73). In these mobility patterns we note that 56 percent of 
the subfield population remains in it as compared with the 49 
percent average citation frequency of the subfield as an area of 
secondary competence. The most likely subfield move, astronomy, 
has a weight of 10.7 percent, much like the 11.3 percent probabil- 
ity for secondary competence in astronomy. On the whole, the pat- 
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torn of int*^rrharmr n{ worki'fn Is ?iimihu- to ihv paUom o^^^v-- 
l.'ipp i iiK suht' 1 1' Itl conii)ol I'lu't' , 

Wo havi! raiiki'il llu.' phy^^i*'^* suht 1 1.' 1 ibi (n Tnbli* II.// aci'nrilluK 
1.0 i.lu» longlUkUnal probability of riMiwUnlnft, whloh wi* liavi* call^^a 
.subt'lehl Mo.lltiariLv. Kor comparlsoi^ with lu>r I i'.onhi I pattoniM of 
•KHoiul.iry MciiMitllii* rompi' ti-MU'u , wr havi^ alH<j oa lovilaii'd a mobility 
overlap area In a maniu'r that ror rospomln formally to tbo compu - 
ti»nci' overlap .irea shown for iho MubfUvUlM In Tablo 11.7'k Aftaln, 
the Reiieral featuro.s of the 1 oiig i tiul 1 iwi 1 and horizontal dlatrlbu- 
tloiiH are much the same. We have taken thin analysln one ntcp fur- 
tht?r and looked at the ohangen In firat competenec between 1968 
and 1^)70, The reHuit.s are tabulated in TaljLe U.78 and the now 
familiar soqucnco of .subfleldH ap;a In rcfuUtH. Three catogorloa 
emerge: Klrst. the independent, static category alwayH cuntainsj 
elementary-particle, nuclear, and condenHcd-matter phyHicM. An 
Intermediate category consiHts of plnsniaa and fluids; earth and 
planetary physics; and atomic, molecular and electron physlca,'^ 



TABU- 11.77 Subfleld Mobility 1968 to 1970: 
Solidarity 



Ranking by Subfield 



Physics 
Subfield 



Solidarity'^ 

m 


Mobility 
Ovcrlap(%) 


1968^ 1970 Samples 
N - 1968 N - 1970 


8A.1 


0.19 


1063 


1209 


83.2 


0.20 


1390 


1673 


81.1 


0.23 


32A5 


3755 


68.2 


0. A7 


836 


82A 


66.5 


0-A9 


257 


2A9 


56.2 


0. 78 


283 


925 


55.7 


0.78 


201 


180 


55.6 


0. 78 


581 


A86 


A2.i 


1.38 


195 


121 


37. A 


1.70 


8A7 


637 


A8.7 


l.OA 


2718 


1883 


66.2 


0.51 






80.7 




A83 


657 



Elementary-particle 
Nuclear 

Condensed-matter 
Plasmas and fluids 
Acoustics 
Atomic, molecular. 

and electron 
Physics in biology 
Earth and planetary 
Astrophysics and 

relativi ty 
Optics 

Miscellaneous 

Physics (weighted 

average) 
Astronomy 

Total 1968 and 1970 
samples 



12,599 



^Subfield unchanged, 1968-1970. as a fraction of 1970 total. 
^Newcomers ^ 1 - Solidarity 



Those Who Remained 



Solidarity 



*With a minor deviation in the measured first competence mobility. 
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TABLE Ii.78 First Competence Mobility: Ranking by Subfield 



Solidarity(%)^ Mobility Overlap 



Elementary-particle 

Condensed-matter 

Nuclear 

Plasmas and fluids 

Earth and planetary 

Acoustics 

Physics in biology 

Optics 

Atomic , molecular, 

and electron 
Astrophysics and 

relativity 
Astronomy 
Miscellaneous 



^*Subfield unchanged, 1968-1970, as fraction of 1970 total. 

^ Newcomers 1 - Solidarity 

Those Who Remained = Solidarity 



Physics 
Subfield 



67 


0.43 


66 


0.52 


66 


0.52 


5A 


0.85 


50 


1.00 


44 


1.27 


43 


1.32 


42 


1.38 


40 


1.56 


36 


1.78 


54 


0.85 


38 


1.63 



A third category, with large overlap and mobility, includes opticj 
and astrophysics and relativity. Acoustics and physics in biology 
show rather more overlap than mobility, placing them somewhere 
between intermedian and high-overlap mobility categories. The 
assumed relation between competence and mobility is well borne 
out in the data: The susceptibility implied by the large sub- 
field overlap is matched by a significant flow of manpower over 
time. 

Table 11.79 presents the pattern of change based on first com- 
petence for earth and planetary physicists. The turnover of 52 
percent is comparable wf.th the average citation of competence 
outside the subfield, 51 percent, the complement of the average ■ 
internal citation probability of 49 percent in Table 11.73. The. 
directionality of competence mobility with respect to the other 



TABLE 11.79 First Competence Mobility: Changes for PhD's in 
Earth and Planetary Physics, 1968-1970 

First Competence First Competence in 1970 

in 1968 Earth and Planetary Other 1968 Total 

Earth and planetary 231 234 465 

Other 269 

1970 Total 500 
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subfields is the same as that given in the static overlap pat- 
tern and, as we have seen, the same as that manifest in actual 
sub fie Id mobility^ 

We ne;.t examine the recent growth pattern of earth and , plane- 
tary physics. Under normal conditions we would expect growth to 
take place in a pattern commensurate with the pattern of overlap. 
The interchang-2 among subfields reflects this pattern, bu' recent 
growth does not. In Table 11.80, expectations are coinparet. ; th 
changes from 1968 to 1970. The normal entering distribution, 
column 3, is proportional to the product of the total overlap 
with the other subfields, column 2, and the size of populations 
in those subfields, column 1. These data come directly from 
Table 11.73. Only the relative size of expected entering groups 
has significance, and we have set a numerical absolute value of 
30 for the grouping of plasmas and fluids; optics; and atomic, 
molecular, and electron physics for ease of comparison with the 
actual net flux of PhD's given in column A. Comparison of normal 
and actual patterns of flux show a large number of people are 
coming from astronomy, three times the number expected on the 
basis of overlap-circulation characteristics. The flow of PhD's 
from traditional physics subfields, elementary-particle, nuclear, 
and condensed-matter physics, is only 50 percent higher th.an 
might be expected for isotropic growth. The importance of the re- 
lationship with astronomy was suggested in the analysis of the 
elite group of earth and space scientists at the beginning of this 
chapter. The flow of manpower from th» traditional physics sub- 
fields is not sufficiently large to indicate substantial relief of 
the stress of limited resources that is said to exist. Although 
the data suggest no anomalous impedance to mobility, there is no 
sign of an enhancement that might be desirable. 

To what extent is' employer mobility a factor in subfield tnobil- 
ity? How much research redirection takes place in periods of un- 
changed institutional affiliation compared with changes concurrent 
with employer mobility? Table 11.81 shows subfield mobility ac- 



TABLE 11.80 Normal 


and Actual Flux Distributions by 


Source 




Source 


Overlap 


Normal 


Actual Net 




Popula- 


Distri- 


Entrant 


PhD Entrant 


Source 


tion 


bution 


Distribution^ 


Distribution 


Astronomy 


630 


11.3 


• 6 


18 


Plasmas and fluids; 


3250 


11.1 


30 


30 


atomic , molecular. 










and electron; and 










optics 










Elementary-parti- 


7350 


A. 5 


27 


A3 


cle, nuclear , and 










condensed-matter 











^(Population) x (Overlap), in arbitrary units. 
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TABLE 11.81 Earth and Planetary Physics Subfield Mobility with 
and without Concurrent Employer Change: Number of PhD's and 
Median Age 

E&P E&P Both Entered E&P Net 

Employer 1968 Left 1968 and E&P 1970 E&P 

2^958— 1970 Number E&P 1970 Number Number Change 



University 


169 


54 


115 


87 


202 


33 


Industry 


77 


28 


49 


61 


110 


33 


Government 


101 


31 


70 


28 


98 


-3 


Research center 


58 


14 


44 


21 


65 


7 


Other 


9 


5 


4 


5 


9 


0 


Unchanged, sub- 


414 


132 


282 


202 


484 


70 


total 














Median age 


39.3 




39.0 




39.2 


39 


Changed, subtotal 


72 


31 


41 


56 


97 


25 


Median age 


32.4 




33.5 




33.9 


33 


Total 


486 




323 


258 


581 


95 


Median age 


38.6 




38.5 




38.3 





cording to type of employing institution. Of 589 earth and plane- 
tary physics PhD's in 1970, 16.7 percent had changed employer 
since 1968; half of these 97 PhD's were under 34 years of age, 
and 58 percent of this employer mobile group entered earth and 
planetary physics for the first time. The other 42 percent had 
been working in this subfield before they changed jobs. The re- 
maining 83.3 percent of the 1970 earth and planetary physicists 
were still employed by the same type of institution as in 1968. 
This employer static group was divided approximately 42 percent 
to 58 percent between newcomers and older established scientists. 

Although employer mobile PhD's were somewhat more likely to 
have changed into earth and planetary physics than employer static 
ones, such a large age difference appears between those who 
changed and those who were static that typical early career ef- 
fects account for employer changes more than would effects re- 
sulting from the subfield. 

The composition of the 1970 earth and planetary physics PhD 

group is summarized in Table 11.82. u ^ i ^ 

Among the employer static new earth and planetary physicists, 
industry showed the largest fractional growth (55 percent), uni- 
versities somewhat less (43 percent), and other types of employ- 
ment little increase. 

If in the future one anticipates a larger commitment to earth 
and planetary physics as a resulC of employer mobility, the pat- 
tern of employer interchange between 1968 and 1970 should be ex- 
amined. Table 11.83 records the employer changes of earth and 
planetary physicists from 1968 to 1970. One seventh (14.7 percent) 
made such changes; of these, three fourths (73 percent) were uni- 
versity related— young PhD's leaving and some older ones returning. 

Ill 
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TABLE 11.82 Mobility Composition of Earth and Planetary Physics 
PhD Population 



Source 


Number 


Percent 


Median Age 


New PhD's 


145 


20 


31 o 5 


Employer mobile PhD's 


97 


13 


33.9 


Employer static PhD*s 








New to earth and 


202 


28 


39.0 


planetary physics 






39.2 


In earth and planetary 


282 


39 


physics in 1968 








TOTAL 


726 


100 


37.4 



The pattern of interchange between the university and other types 
of employment appears in Table 11.84. 



TABLE 11.83 Changes in Employer, 1968 to 1970, for 502 PhD's 
Working in Earth and Planetary Physics: Number and Median Age 



Total 1968 Employer 



lOhH nn?S^^l'r "nduaCrv Govermnenji. Research Centers Ocljer Distribution ^ 

I!- - ^. ^. Ai7 :;o. Ag.! ^•o. Age No. Age Uc. Age 



Emp loyec 



™n. 8 39,9 2 .0.. ; 113 39.7 

Reneurch center 2 1 45.5 A ^5.5 58 ; , 33.5 66 39.7 

Other 8 31.8 2 4i.5 3 29.5 i 36.:- 19-5 2b 3^.5 

Total 1970 198 37. 7 92 40.7 122 39./- 72 38.5 ' 36.5 i02 38.9 
distribution 



^7U changed emplo^nenc; 628 rema'ned In the «aae type of employing Institution; total with employment 
known In both years w.is 502. 



TABLE 11.84 University and Other Enployment Interchanges in Earth 
and Planetary Physics, 1968 to 1970 



1968 Employer 


1970 Employer 
Univetsity 


Other 


University 
Other employment 


176 
22 


32 
272 
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II. 2 Samples of Special Popilations 

11.2.1 CAREER CHOICES OF TALENTED MALE STUDENTS 

At the start of the 1960's one sometimes heard it argued that we 
could and should greatly expand our national production of scien- 
tists by encouraging a larger proportion of the talented young 
people to choose scientific careers. Such arguments were based on 
the belief that of the population of people with the necessary apti- 
tudes, only a minute fraction was going into science. Although the 
feeling that the United States needed more scientists was greatly 
muted by the end of the 1960's, one heard increasingly often the 
complaint that the best students were turning away from science. 
The bases for these arguments and complaints were sometimes merely 
subjective impressions, sometimes extensive statistics, such as 
those of Harmon* correlating IQ scores with the obtaining of doc- 
torates, or those of Nichols on the study plans and career aspira- 
tions of National Merit Scholarship semif inalists . Having access 
to information on the life-long career activities of a group of 
people selected for academic aptitude with unusual care and thorough- 
ness at the time of their graduation from high school, and without 
bias among fields, we undertook to investigate the distribution of 
these people among careers and ways in which this distribution 
might have changed during the last several decades. 

II. 2. 1.1 Nature of the Sample 

The Summerfield Scholarships, established at the University of 
Kansas in 1929, are awarded each year to male graduates of high 
schools. in the state on the basis of competitive examinations fol- 
lowed by person-by-person scrutiny. Occasionally they are awarded 
also to students already at the University. The awards have high 
prestige and are much sought after; they are made on the basis of 
scholarly promise alone, without bias for or against any field of 
study and without regard to the financial resources of the student. 
After the award is made, the -s tudent ' s financial resources are in- 
vestigated and he is supplied with whatever supplemental assistance 
he needs to pursue his studies without financial worry. If, as is 
nearly always the case, the student's university work fulfills ex- . 
pectations, the scholarship is renewed each year until he graduates. 

Each year the University issues a list of all alumni of this 
program, giving for each alumnus any advanced degrees he has 're- 
ceived and his present employment.^ From 1933 to 1969 there were 
509 alumni, of whom 18 had died and 13 were incompletely traced. 
Figure II.l^i shows the number of Summerfield graduates by year of 
bachelor's degree. The numbers have fluctuated considerably from 
year to year, because of secular trends and because the number of 

*Harmon, L. R. , Science^ IZZ^ 679 (1961). 
t 

Nichols, R. c, Scnence^ 144^ 1315 (1964). 

^Pamphlets titled University ^ o£ Kansas Summerfield Scholars issued 
each April by the University of Kansas. 
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30 



23 




FIGURE II. 14 Graduates of the Sunmierf ield Scholar program by 
year of graduation. 

scholarships that can be awarded in any year depends on the finan- 
cial needs of the recipients. As the average number of scholars 
per year has risen only slightly from the mid-1930's to 1969, while 
the enrollment at the University has more than quadrupled during 
the same interval, it is reasonable to guess that the standards 
have risen at least slightly, though perhaps not greatly, as alter- 
native scholarships and the like may have become more available. 
According to informal estimates by administrators and others famil- 
iar with the program, these alumni are probably typical of about 
the top 3 or A percent of graduates of the University of Kansas 
(henceforth referred to as KU) . To gauge what this means on an 
overall national scale one must rate KU bachelor's degree holders 
relative to those of other institutions. According to a recent 
compilation,* KU baccalaureates accounted for 373 of 80,978 U.S. 
PhD's in the years 1960-1966 (a fraction 0.00A6) . As the 1968- 
1969 enrollment was 16,96A, compared with a national total of 5.77 
million in four-year institutions (fraction 0.0029), it is probably 
conservative to conclude that the Summerfield Scholars have an abil- 
ity level characteristic of the top 3 or A percent of U.S. college 
graduates . 

It is interesting to compare the characteristics of this sample 
with those of Nichols 'st sample of National Merit Scholarship semi- 
finalists. This category of students comprises a rather larger 

^Doctorate Reovpients from United States Universities 2958-1966, 
(NAS Publication 1A89) Washington, D.C.: National Academy of 
Sciences, 1967. 

TNichols, R. C, Science, 144, 1315 (1964). 
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fraction of college enrollments than the Sununerf ield Scholars do of 
KU enrollment; however, their selection process, based on test scores 
alone, is less careful and is not subject to modification after en- 
trance into college. Only a small fraction of the National Merit 
Scholarship semif inalists applying for Summerfield Scholarships 
receive them. More serious, however, is that Nichol's data con- 
sisted only of career choices, expressed before entering college, 
and major fields of undergraduate study, whereas the Summerfield 
data refer to career positions into which the men settled a number 
of years after graduation. Nichols also gave some figures for 
another sample, of somewhat lower average ability, on changes in 
career choice between the year^pf entry into college and the year 
of graduation. These figures, unfortunately given for only one 
class, show such large changes that one is uncertain whether to 
interpret secular changes in career choices expressed on entering 
college as reflecting ultimate careers or as reflecting improved 
counselling. 

II. 2.1. 2 Statistics on Eventual Careers 

Figure 11.15 shows the percentages of Summerfield Scholars graduat- 
ing in various time intervals who have gone into each of several 
professions. Cross-hatched bars represent career positions, blank 
bars represent graduate or professional school students, and the 
bars with a question mark represent r-' iduates with undergraduate 
majors in the field indicated but vhom no data on present ac- 

tivity are available. (Past experitiuce suggests that most of these 
are actually graduate students.) The data shown by the cross- 
hatched bars were based on the following definitions of the various 
professional fields: 

1. Natural science and mathematics. Includes all those whose 
titles suggest that they teach science at the college level or en- 
gage in pure or applied research or its supervision. Psychology 
is included but not anthropology. 

2. Engineering. Includes all those whose titles suggest that 
they perform or supervise engineering work or teach engineering. 

3. Medicine. Includes MD's engaged in any medicine-related 
work, dentistry, and possibly one or two other fields. 

4. Law. Includes those engaged either in private law practice 
or as attorneys for business or public organizations. 

5. Covemment administration. Includes administrators in na- 
tional, state, or local agencies, other than military personnel. 

6v"''Busincss. Includes administrators in private business or- 
ganizations, exclusive of attorneys and those involved solely in 
research or engineering work. Includes accountants. 

7. Social science teaching and research. Includes college fac- 
ulty ill social sciences, history, and anthropology and scholars in 
these fields employed elsewhere (but not in high school teaching). 

8. Humanities. Includes college faculty in literature, philos- 
ophy, and the like, independent writers, etc., but not clergy, high 
school teachers, artists, or musicians. 
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9. Miscellaneous 
teachers, educationa 
musicians , military 
and pharmacis ts . 



Includes high school and grade school 
1 administrators at all levels, artists and 
personnel, clergy, journalists, architects. 
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FIGUIC 11.15 Percentages of Summerfield Scholars, graduating in 
various time intervals, who have settled in various professions. 
Years of graduation are given at the bottom, the numbers of graduates 
in the various periods being 



1932-AO 
19A1-A6 
19A7-A9 
1950-5A 



95 
53 
kk 
56 



1955-59: 
1960-6A: 
1965-69: 



69 
8S 
90 



Shaded bars are men in jobs, unshaded bars are graduate and advanced 
professional students, and question marks are uncertain cases, 
classified by field of degree. 
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To the extent possible, graduate and professional students were 
assigned to one of these categories. Obviously students assigned 
to one could be expected sometimes to go into careers in another. 
Such a change is especially likely among students in the social 
sciences, who will often enter government or business. Medical 
students, in marked contrast, nearly always continue in medicine. 
It should be noted that the career distributions for the 1932-19A0 
classes were made from data available in the earlv 1950's; those 
for subsequent classes were made from 1969 or 197j data. 'A com- 
parison of the early and recent data for the 19A1-19A6 sample showed 
few career changes except for the expected migration, with increas- 
ing age, of a- "minority of -the scientists and engineers into busi- 
ness or other administration. 

Figure 11.16 is an attempt to compare the Summerfield Scholar- 
ship data with those of Nichols on National Merit Scholarship semi- 
finalists. The wide bars at the right and left of each diagram 
represent the Summerfield data for students graduating in each of 
two decades; as before, cross-hatching represents jobs, open spaces 
graduate or professional students, and question marks uncertain 
cases classified by undergraduate major. Nichols's data are repre- 
sented in part by the narrow bars in between, which show pre-enroll- 
ment (freshman) choices of undergraduate major subject, averaged 
for the college entry years shown. The dumbbells 'represent the 
corresponding pre-enrollment preferences for eventual careers. As 
the change in career choices from freshman to senior years was 
available for only oue class (entry 1957, graduation 1961), no 
precise three-year averages can be given for the senior year choices; 
instead, the lines with x's at the ends have been drawn in the 
1958-1960 column at a height equal to the height of the dumbbell 
times the 1957-1961 ratio of senior-year to freshman-year prefer- 
ences. The narrow bars for medicine refer to those planning en- 
rollment in premedical curricula; no enrollment bars are given for 
law, because it is not an undergraduate option; all majors in so- 
cial sciences (like the graduate students in Figure 11.15) were 
placed under social science teaching and research; humanities were 
treated similarly. 

So far we have concentrated on changes with time, and the Sum- 
merfield data are too sparse to permit subdividing them by field of 
science as well as by time period. If all data for classes ^ 1950 
are taken together, we find that of the 50 or 60 men assigned to 
natural science in Figure 11.15, at least 15 have entered physics. 
Two more, both with bachelor ' s . degrees in engineering physics, are 
members of the American Physical Society (APS). If we restrict at- 
tention only to those in nonstudent jobs, the ratio is 13 or lA of 
33 or 3A. Clearly physics has been getting more than its share of 
those especially gifted men. However, the data are not sufficient 
to refute the speculation that in the last decade physics has drawn 
fewer such men than, say, biology. Of the 13 in what are clearly 
physics jobs, the two oldest are APS Fellows; the others (PhD's 
since 1962, except -possibly for one undated case) are a little young 
for this rank; only one is neither a PhD nor a graduate student and 
probably is finishing a thesis. 
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A similar analysis of Summer fie Id graduates prior to 1950 shows 
11 physicists from among 2S natural scientists. Of the 11, all 
but one have PhD*s and six are APS Fellows. 
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FIGURE 11.16 Comparison of Summerf ield-Scholar (SS) and Merit 
Semif inalists (MS, from Nichols) data. The broad bars at the left 
and right are the SS data of Fig. II. 2, averaged 1950-59 and 1960- 
69, respectively. The narrow bars in between are the intended un- 
dergraduate majors of the MS samples. The dumbbells are career 
intentions at time of entry into college; the lines with x's are 
these multiplied by the ratio of senior to freshman intentions for 
the 1957-61 class. 
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I I . 2 . 1. 3 Conclusions 

In general the two sets of data in Figure 11.16 appear reason- 
ably compatible, when one raak.es allowance for their obvious 
limitations, for example, that increasing age increases the 
probability of involvement in business and government adminis- 
tration or that not all students planning to ente?.- medicine en- 
roll in an explicitly premedical major. Neither set of data gives 
convincing support for Nichols* implied conclusion that tal- 
ented students are becoming less likely to adopt careers in basic 
science. The slight decrease in the level indicated by the dumb- 
bells in Figure 11.16 between 1958-1960 and 1961-1963 could well 
have resulted from improved counseling, that is to say, from a 
decrease in the difference between the dubbell and x levels, or 
the ultimate career choice. In regard to engineering, however, all 
three types of data suggest that Nichols may well have been correct 
in concluding that the inclinations of talented students toward 
this field is decreasing. If this finding is true — and better sta- 
tistics would be needed to establish it with certainty — it could 
have important implications for the role of pure-science fields in 
the economy. It would partially nullify the argument, often made 
currently, that the increasing sophistication of engineering edu- 
cation is causing engi,neers (especially PhD*s) to take over the 
role formerly played by physicists as the best reservoir of talent 
for technological tasks involving new and unfamiliar ideas. Al- 
though engineering training may be Improving, this improvement may 
be offset by a decreasing number of the most highly talented youth 
who elect it; if so, it may be as necessary now as in earlier de- 
cades to draw on the pure scientists for technological innovations. 

The data on physicists in the Summer field sample, given in the 
last paragraphs of Section II.2.1.Z, suggest that the ability level 
of the sample is about that of APS Fellows and show that among natu- 
ral science students at this ability levels nearly a third have en- 
tered physics in the last few decades, (In the Nichols sample, from 
one half to a little Less than one third of the National Merit Schol- 
arship semifinalists planning majors in natural science fields 
planned to major in physics.) But a decline in enrollments in phys- 
ics in the last few years, relative to other sciences, is suggested 
by the Nichols data and cannot be refuted by the Summerfield data. 

II. 2. 2 PHYSICS DOCTORATES WHO HAVE LEFT PHYSICS 

A significant number of people, after beginning a career in physics, 
even with a doctorate, eventually move into other sciences or en- 
gineering or into entirely nonscientif ic fields. Projections of 
the balance between supply and demand in future years, such as those 
attempted in Chapter 12 of Volume I of Physics in Perspective^ need 
to take Into account this portion of the population. In planning 
both the scale and nature of graduate education in physics, one 
would like to know, among other things, to what extent these people 
are misfits who should never have studied physics and to what ex- 
tent they represent an important channel for cross-fertilization of 
other professions, scientific, administrative, or educational. The 
study we report here was a highly preliminary one designed to ex- ' 
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plore one possible means of getting answers to some of these ques- 
tions. 

Examination of a list of nearly 500 people who had received doc- 
torates in physics from the Massachusetts Institute of Technology 
(MIT) between 1935 and 1959 revealed a number who, from their ad- 
dresses or other information, were not in academic physics depart- 
ments in 1970* These people were queried by mail regarding the way 
in which their careers have developed and the relation, if any, of 
their physics training to their present work. Replies received from 
slightly less than half indicated the following: 

1. Only about one fifth said that more than half of their pres- 
ent work involved physics by extrapolation; therefore, one can guess 
that approximately one fourth of the MIT physics doctoral alumni of 
this vintage have moved into work that is primarily outside the 
scope of physics^ 

2. About one fourth of the responses were from presidents or 
vice presidents of companies working in communication, data proces- 
sing, geophysics, and space and defense systems. This number ex- 
trapolates to about one in lA of all physics PhD alumni. As ex- 
pected, these men were somewhat older than the others, having re- 
ceived their doctorates some 25 ± 6 years previously; it had been 
lA ± 7 years since the majority of their work involved physics. 

But all thought that their physics background was helpful to them 
in their present positions. 

3. A somewhat larger fraction — corresponding to about one in 
nine of all the alumni studied — were now directors of research or 
engineering development in high- technology companies. They were 
somewhat younger than the group described in 2 above, 20 years on 
the average having elapsed since receiving the doctorate, and the 
present work of about 30 percent involved physics. 

A. A third large group — extrapolating to about one in 12 of the 
alumni— were working in universities but not in physics departments. 

5. A fourth and somewhat smaller group was self-employed, do- 
ing technical consulting for industry and the government. Approxi- 
mately half of their vovk was still related to physics. 

The greater proportion of alumni, who have moved out of physics, 
is shown in Table 11.85. Actually, the figures in the table prob- 
ably reflect two effects. One is that motion away from physics is 
cumulative: opportunities to move into other professions, particu- 
larly administration, increase with the years, and once one has left 
physics one is unlikely to return. Another factor, however, has 
been the evolution of the physics enterprise. The vast expansion 
of university staffs and industrial physics research in the 1950's 
and iy60's created a great demand for physicists, including senior 
ones, which may have acted to keep a larger proportion of people in 
the profession than was the case for the same age groups in earlier 
years. In the 1970*8 a reversal of this trend may well occur. In- 
terestingly, none of the persons surveyed spent more than six years 
in a physics department after receiving the PhD. 

A valuable product of the survey, though one rather difficult to 
convey in a brief summary, was the collection of free-language com- 
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ments by the respondents. In these comments, and in their responses 
to questions on the value and relevance of their physics education, 
the overwhelming majority affirmed that their education in physics 
research had been of value in their careers. Moreover, three 
fourths of them said that their training in physics also had been 
of value to them for reasons other than its relevance to their work. 
Although research training was sometimes cited for its value in 
teaching methods of thought and working philosophy that may be ap- 
plicable to other types of problems, there was an even stronger 
emphasis by many respondents on the exhortation that graduate train- 
ing in physics should not be allowed to be too specialized. Courses 
in classical theoretical physics were the ones most often cited as 
being of particular value. 

This study, incomplete though it is, gives some support for the 
view that doctoral training in physics, if not too narrowly special- 
ized, can serve as a useful one of many possible channels for pro- 
viding the nation with a diverse and innovative population of edu- 
cational and industrial administrators. 



TABLE 11.85 Estimates of the Migration of MIT Physics Doctorates 
from Physics, as of 1970 





Total 


Estimated 


No. 


Fraction 


Year of PhD 


Alumni 


Who Left 


Physics 


Leaving 


1935-19AO 


62 


36 




0.58 


19A 1-1945^ 


56 


lA 




0.25 


19A6-19A9 


73 


23 




0.32 


1950-1954 


160 


50 




0.31 


1955-1959 


139 


27 




0.20 


Total, 1935-1959 


A90 


150 




0.31 



The World War II years are separated, even though this makes the 
time intervals in the table unequal in duration. 
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111,1 General Survey of the Various Sources of Support 
for Physics Research 

111,1,1 SOURCES OF INFORMATION AND DIFFICULTIES IN THEIR USE 

The chapters of this report dealing with the funding of physics are 
all concerned with the support of research in physics, or of activ- 
ities directly related to the research enterprise, as distinguished 
from the role of physics in such activities as general education, 
developmental engineering, and industrial production. Even so, 
ambiguities can arise in regard to how research is to be distin- 
guished from these other activities and, of course, where the lines 
are to be drawn separating research in physics from research in 
other sciences and engineering. So perhaps we should begin this 
chapter with a few words about the delineation of our subject. 

The conventional categories of research, for example, in the 
tables published by the NSF in its periodic report. Federal Funds 
for Heseca*chy Development^ and Other Scientific Activities^ are 
basic research, applied research, and development, Basic research 
is defined as "exploration of the unknown, ,« primarily motivated by 
the desire to pursue knowledge for its own sake," Applied research 
is described as "finding the means to meet a recognized need," De- 
velopment is defined as "systematic use of knowledge, ,, directed to^^ 
the production of useful materials, devices, systems, and methods," 
Although the distinction among these three activities provides a 
useful way of ordering one's thinking, it is difficult to make these 
distinctions precise or quantitative, because they depend — espe- 
cially in the case of basic versus applied research on knowing 

motivation. What is applied research in the mind of an administra- 
tor or official of a granting agency may be basic research to the 

1576 
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person doing the work, or vice versa. In recording their use of 
funds, different agencies may draw the dividing line in different 
places. For these and related reasons, we have chosen, in all our 
collection and analysis of funding data, to concentrate on research, 
wit:hout attempting to distinguish basic from applied, and to define 
it in the following way: Research is the generation of new knowledge 
that, soon after its generation, becomes a part of the publicly a- 
vailable archive of knowledge. A useful corollary of this defini- 
tion is that research activity in physics can be studied through 
the primary journals, books, and other publications of the field. 

The overlap of physics with other scientific and engineering 
fields is, of course, substantial. The nature and extent of this 
overlap are discussed in some detail in Section IV. 1.1, in which 
we show that the citation structure of the scientific and technical 
literature can be used to provide a reasonably logical and objective 
definition of the boundary between two adjacent fields. Although 
application of thi-s technique to the separation of funding for phys- 
ics from that for other fields would be prohibitively laborious, it 
can be used, as described there, as a check on the reasonableness 
of the intuitive decisions on what is and. is not physics that one 
must make in the course of assembling data. A few checks of this 
sort that we have made have given us confidence that the defini- 
tions of physics that we have used in the presentation of our data 
ar-.r reasonably consistent with the objective definition. 

Mthough we have tried to apply our own definitions of research, 
physics, and even support whenever possible and to do so consistent- 
ly, most of our data-gathering activities have had to rely exten- 
sively on the records of various organizations, particularly govern- 
ment agencies, and on the categories in which these records are kept. 
Because of the difficulties with definitions, to which we have just 
alluded, one is entitled to view all such data with some suspicion, 
and one would like to be able to check data derived from one source 
against those derived from a more or less independent source. The 
sources from which we have been able to obtain useful data on fund- 
ing are the following: 

1. Detailed records of federal agencies, studied with the aid 
of officials of these agencies. These records have been our prin- 
cipal source of information about the funding of physics by the 
DOD, NSF, AEC, and NASA. 

2. Government publications prepared for other purposes. These 
include, in particular the Federal Funds series* and the annual 
Statistical Summary of the AEC Physical Research Program. 

3. The acknowledgment of research support usually made in re- 
search articles in journals. 

4. Queries made to small but carefully selected samples of uni- 
versities and industrial research organizations. 

5. Mention of government support made by respondents to the 
questionnaire for the National Register of Scientific and Technical 
Personnel. 

^Federal Funds for Research^ Development^ and Other Scientific 
Activities^ issued periodically by the NSF. 
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The data obtained from source 1 are described in Section III. 2. 
Those obtained from source A are discussed in Section III. 3 and 
III. 4 and those from sources 3 and 5 are the subject of the para- 
graphs inunediately following. 

III. 1.2 NONDOLLAR DATA RELEVANT TO THE DISTRIBUTION OF SUPPORT 
III. 1.2.1 Distribution of Support Acknowledged in Journal Articles 

It is a fairly consistent custom in the physics literature for pa-, 
pers reporting work that has received support from sources outside 
the institutions with which the authors are affiliated to contain 
an acknowledgment of this support. By counting such acknowledg- 
ments one can get a good deal of information about the sources of 
support for work performed in various types of institutions and its 
distribution among the subfields of physics. The information is in- 
complete, of course, for the dollar amount is never stated and the 
relative contributions of different sources, when there is more 
than one, are not indicated. However, if reasonable allowance is 
made for these ambiguities, the results can provide a useful check 
OH' funding information obtained in other ways. 

In our survey, members of the Statistical Data Panel examined 
all the articles published in a two-month period in U AIP journals 
and 29 non-AIP journals. The months used depended on availability, 
but all issues were published between mid-1969 and mid-1970. The 
total number of papers examined was 1200, 83A from AIP journals and 
366 from non-AIP journals. Since the total number of physics paper 
published by U.S. authors in a year is estimated to be about 1A,000 
the sample represents slightly less thau one tenth of the annual 
U.S. output of published physics papers. The distribution between 
AIP journals and non-AIP journals (mostly European) in the sample 
was roughly consistent with the known publication pattern of U.S. 

work.^ ^ , , , 

The survey was conducted in the following way. All papers In 
each issue selected were examined. Only those papers that were 
regarded as physics and the authors of which were affiliated with 
an institution in the United States were counted. For each physics 
paper a subCield assignment was made and the nature of the perform- 
ing institution and sources of support acknowledged were recorded. 
If no external source of support was acknowledged, support was cred 
ited to the authors' institution. Many complicated cases were en- 
countered involving papers in which the authors represented several 
institutions, multiple sources of support were mentioned, and par- 
tial support was acknowledged. To increase the manageability of 
the data, the Panel chose as the least count 0.5, so that no paper 

^Physics in Perspective^ Volume II, Part B, Figure XIV. 32 or 
Table XIV. 11. 

tCompare, for example. Table IV. 3 (in Chapter IV), also Physics in 
Perspective, Volume II, Part B, Table XIV. 9. 
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was divided between more than two performer-support combinations, 
with omissions, when necessary, being assigned to the last-men- 
tioned institutions or sources. A somewhat arbitrary decision on 
division of support among institutions or sponsors was required for 
about half of the papera 

The results are presented in a series of tables, which record 
the counts of various subf ield-source-perf ormer combinations. 
Table III.l shows acknowledged sources of support by subfield. 
Table III. 2 is a similar table but includes only research performed 
in universities. Table III. 3 shows the institutional affiliation 
of authors of journal articles by subfield. Tables III. 4, III. 5, 
and III. 6 show the patterns of support of the three major federal 
funding agencies for physics research by performing institution and 
subfield. The general picture resulting from th'ese tables will be 
compared in Figure III.l with that based on statements about gov- 
ernment support made by respondents to the National Register. Both 
types of figures, which suffer, of course, from lack of calibration 
in dollars, will be compared with dollar data obtained from records 
ot government agencies in the following subsection. 



TABLE III.l Acknowledgment of Support in Journal Articles, 
a h 

by Subfield^ 



Source of 
Support 


A&R 




EP 


SP 


PiF 


CM 


t-iP 


Blo- 
pliyn 


Acoitst 


Opt 


Other 
Phys. 


Totnl 


Percent 


ITr Jvtrrslty 


2.5 




14.5 


21.5 


15.5 


65.0 


i.O 


1.0 


2.0 


8.0 


19.5 


187.5 


I5.fi 


n<in 


10. 0 


50.0 


18.5 


13.0 


17.0 


12fi.5 


l/'..5 




13.0 


18.0 


13.5 


29i.O 


2i.5 


NASA 


i.5 


20.0 


1.0 


2.0 


7.5 


U.5 


26.5 




2.0 


7.0 


6.5 


91.5 


7.6 


AEC 




1«».0 


54.0 


72.5 


15.0 


77.0 


3.0 






3.5 


6.0 


250.0 


20.8 




5.0 


2H.0 


21.5 


22.5 


13.0 


51.0 


8.0 




1.0 


7.0 


11.0 


169.0 


U.l 


Other nov. 


l.O 


7.0 


2.0 


2.0 


2.5 


25.0 




i.O 


1.0 


6.5 


3.0 


5&.0 


4.5 


Industry 




U.O 




Q. 5 


2.5 


76.0 


1.0 




S.O 


19.0 


12.5 


131.0 


11.0 


Sonprof It 




1.5 


1.0 


0.5 




5.5 


1.0 






2.5 


0.5 


12.5 


1.0 


Pr Ivate 




1.0 


2.5 


2.5 


0.5 


2.0 










1.0 


9.5 


0.8 


TOTAL 


21.0 


169.5 


120.0 


137.0 


7i.5 


4'»2.5 


58.0 


5.0 


24.0 


71.5 


73.5 


1200.0 


100.0 



'Entrlwi nri? iiumhi*rti of p.iperfl sampled iicknowledRlnR support from the niven source, with occnitlonnl 
fractlOTiat nllocatloni .in illscunHtfd In the text. 

'^SHbftelil abbrevlftt lanB used are AiS, nst rophyslcw and relativity; AME, ntonlc, molecul.ir, and electron 
physics; EP, e lenuntiiry-part Ic le physics; SP, nuclear physics: PiF, pUsnaa and fluids; CM, physics of 
condenaed natter; EiP, earth and planetary physics; Blophys. biophysics; Acoust, acoustics: Opt, optics. 
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TABLE III. 2 Sources of Support Acknowledged in Journal Articles 



from Universities, by Subfield' 



Support. 


A.'.K 










CM 




Ac oust 




i'hys. 


rot;il 


IV»rccnt 


viTslcy 


2 . 




10. ■) 


2 1.5 


1 1.3 


f»5.0 


).0 


2.0 


7.5 


20. 5 


18(1.0 


24. 5 


noi) 


KJ.O 


J7.r) 


17. =i 


7.5 


11.5 


HK.O 


i.O 


3.0 


y.o 


9.0 


I9H.3 


26. 1 


NASA 


2.3 


U. 5 




0.5 


4.0 


in.o 


18.0 


1.0 




2.5 


S/.. 5 


7.2 


AKf. 




7 . 3 


0 


11.5 


7.0 


26.0 


2.0 




1.5 


1.5 


119.0 


15.7 


NSF 


'■).() 


JH.O 




22.0 


13.0 


51 .0 


7.0 


1.0 


6.5 


12.0 


167.0 


22.0 


Other Sov. 




1.5 






1.3 


10.0 




1.0 


1.5 


4.0 


19.5 


2.6 


InduKt ry 












l.O 










1.0 


0. 1 


Snnprot" It 




1 . ■> 














0.5 




3.0 


0. 7 


Pr Iv.itf 




1.0 


l.") 


2.5 


0.5 


2.0 








1.0 


H.5 


1. 1 


TOTAL 


20. f) 


117.0 


102.0 


8ft. 0 


S3.0 


255.5 


34.0 


10. 0 


31.0 


30. 5 


759.0 


100.0 


'I'ntrloM ,ir>? :ii»itil>r 
'Suhfli.'l<J ;il)brevlti 


•r!» ul' p.ipfrs, . 
It lutKs iiMi:!)] jro 


IS III T.ibld 
ttiL' saot; .IS 


ni.i. 

tho*it? 


Identified In 


Table 


III. 1, 







TABLE III. 3 
Articles^^^ 



Institutional Affiliation of Authors of Journal 



Typo of 



Institution 


A&H 


.VMK 


EP 


NP 


P6F 


CM 


EfiP 


F-lophys 


AcousL 


Opt 


Other Phys. 


Total 


Un Iverslty 


19 


119 


104 


Hf> 


54 


235 


34 


4 


10 


31 


47 


763 


Indust ry 




IB 


1 


2 




87 


7 




7 


20 


16 


165 


Nonprof It 




4 




3 


2 


14 








6 




29 


Gov. In-house 




13 




6 


4 


35 


8 


1 


5 


10 


4 


89 


Federally 


1 


17 


14 


39 


8 


57 


11 




2 


4 


6 


■159 


funded rc- 


























Htfjirch an«l 


























lit've lopmont 


























center 


























TOTAI. 


22 


171 


121 


nr, 




448 


60 


5 


24 


71 


73 


1205 



■'EntrlftH aro mmbers of papers, as In Tnble Ur.l 

I, 

■ Subf leld dbbrevl.it Ions iisod are the same as those Identified In Table III.l, footnott; 
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TABLE I II. A Distribution of Papers Acknowledging Support by the 

a b 

Department of Defense, by Subfield ^ 



Pcriomlng otlier 



Report etl Work 




.VMK 








17. K 


CM 


Kf.1 




A»:(niHt 


Opt 




Total 


UnlvLTs Ity 


10.0 


■3/.0 - 


17.5 


7. 




11. S 


HH.O 


U. 


0 


!).0 




8.5 


198.0 


DOD Lih or ^ 






l.O 


U. 


,0 


2A) 




8. 


5 


7.0 


5.5 


1.0 


61.0 


Dol) PFRDc ' 




























Itulust ry 








I. 


,5 


3.5 


11. 0 


I. 


0 


1.0 


0.5 


3.5 


22.0 


(It her 




■) . 5 










1.0 


1 . 


0 




3.0 


0.5 


11. 0 


TOl'AL 


10.0 


50.0 


1H.5 




,0 


17.0 


\ 5 


K.. 


S 


r.1.0 


IH.O 


13.5 


29^.0 



^^Kntrles are niinbt-rs tjf papers, as In Table 111. I 



Subfltild abbrevlat lont; used are the name as thase hlentlflcd In Table 111. I, ftjotnote 
"Ktiderally fundL»il research and develt)pmenC centur. 

TABLK nr. 5 Distribution of Papers Acknowledging Support by the 
Atomic Energy Commission^^ 



Inst itut ion 

I'trrformlng Other 



ReportOil Work 


iVME 


EP 




NP 






CM 




i:&p 


Opt 


Phys. 


Total 


AEC FKRDC'' 


10.5 


12, 


.0 


38, 


.0 


7.5 


Ul. 


,0 


1.5 


2.0 


A. 5 


123.0 


Un ivcrstty 


7.5 




,0 


31. 


,5 


7.0 


25. 


,5 


2.0 


1.5 


1.5 


118.5 


Industry 














2 . 


,0 








2.0 


Other 


1.0 






3. 


,0 


0.5 


3. 


,n 










TOTAL 


19.0 




,0 


72. 


,5 


15.0 


77. 


5 


3.5 


3.5 


6.0 


251.0 



Entries are numbers of papers, as in Table III.l. 

Subfield abbreviations arp the same as those Identified in 
,. Tabic HI. I, footnote r. 
Federally funded rescarcli and development center. 



TABLE III. 6 Distribution of Papers Acknowledging Support by the 
National Aeronautics and Space Administration'^'*^ 

Institution 

Performing Other 



Reported Work 


A&R 


iV^IE 


EP NP 


P&F 


CM 


E&P 


Acoust 


Opt 


Phys. 


Total 


Unlvers ity 


2.5 


M.5 


- 0.5 


A.O 


10.0 


18.0 


1.0 


A. 5 


3.0 


55.0 


N'ASA lab or 






















NASA FFRDC'* 


2.0 


7.0 


1.0 0.5 


2.0 


3.0 


5.5 




1.0 


3.5 


25.5 


Industry 




1.0 


1.0 


0.5 


0.5^ 


A.O 


1.0 






8.0 


Other 




0.5 






i.o"~ 


\ 




1.5 




3.0 


TOTAL 


A. 5 


20.0 


1.0 2.0 


6.5 


1A.5 


27.5 


2.0 


7.0 


6.5 


91.5 



^Entries are numbers of papers, as In Table III.l. 
Subfield abbreviations used are the same as those identified In Table III.l, 
funded research and development center. 
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HOUSING, PUB. WORKS, 
TRANSP.ond URBAN OEV. 

AORICNAT. RESOURCES 
ond RURAL OEV. 

OTHER GOVT. 



NO GOVT. 
SUPPORT 



n — r 



i 



OOD 
AEC 
NASA 
NSF 



OTHER GOVT. 



NO GOVT. 
SUPPORT 



0 10 20 30 40 S0% 
FRACTION OF REGISTRANTS 



S07. 40 30 ZO 10 0 
FRACTION OF PUBLICATIONS 



FIGURE IIX.l Comparisons of sources of government support reported 
by respondents to the 1970 National Register (left, shaded bars for 
PhD's, unshaded for non-PhD's) with those acknowledged in a sampling 
of 1969 journal articles (right). The lengths of the bars on the 
left here represent the fractions of those (PhD's or non-PhD's) 
answering "yes" or "no" to the government support question who men- 
tioned support from the program listed at the left; percentages 
add to more than 100% because of multiple-support cases. The lengths 

the bars on the right, on the other hand, were obtained from the 
last column of Table IIl.l and thus dc add to 100%. The lines in the 
middle column indicate the correspondences between the categories of 
agencies used in the two studies, which are roughly one-to-one in 
some cases but are many-to-one in others. 



III. 1.2. 2 Statements on Government Support by Respondents to the 

National Register Questionnaire 
One of the questions on the form for the National Register of Sci- 
entific and Technical Personnel deals with government support. In 
1970 it was worded as follows: 

Is ANY of your work being supported or sponsored by U.S. 
government funds? [Choices: yes, no, don't know] If 
yes, is your work related to any of the following pro- 
grams: [Choices: agriculture, atomic energy, defense, 
education, health, housing, international, natural re- 
sources, public works, rural development, space, trans- 
portation, urban development, other program (specify)] 

Like the acknowledgments of support discussed previously, these 
questions yield data on only the number of individuals who indicate 
that they receive some type of government support; a physicist who 
receives $500 for summer salary supplementation and one who re- 
ceives $50,000 for a major research project are equated. Table III 
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shows the distribution of responses to the first part of the ques- 
tion. About 90 percent of the PhD*s and 80 percent of the non- 
PhD's answered with yes or no. The ratio of yes answers to the 
total respondents declined between 1968 and 1970, for both PhD's 
(0.67 0.60) and non-PhD's (0.59 0.52). Thus there seems to 
have been a decrease during this period in the proportion of physi- 
cists receiving federal support. 

American Science Manpowev presents comparable figures for other 
fields in 1968. Although 62 percent of physicists, all degrees, 
received federal support in 1968, only A3 percent of those in all 
fields included in this publication received such support. The 
only fields that depended more heavily on federal funds than physics 
were atmospheric and space sciences (88 percent) and agricultural 
sciences (70 percent). 



TABLE III. 7 Government Support by Academic Degree 



U.S. Government 
Support 


PhD 




Non-PhD 




Number 


Percentage 


Number 


Percentage 


Yes 


9,956 


59.9 


10,188 


51.7 


No 


4,958 


29.8 


5,626 


28.6 


Don* t know 


230 


1.4 


789 


4.0 


No answer 


1,487 


8.9 


3,102 


15.7 


TOTAL 


16,631 


100.0 


19,705 


100.0 



^Data from the 1970 National Register of Scientific and Technical 
Personnel. 



Responses to the second part of the Register question give an 
indication of the sources of government support in 1970. However, 
the programs listed are more in the nature of functional fields 
than either disciplines or activities of specific agencies. For 
example, it is not clear where a person who had support from the 
NSF physics program would be able to respond. This ambiguity 
should be kept in mind in examining the distribution of responses 
presented in Table III. 8. The main findings indicated by this 
Table are the following: 

1. Defense, atomic energy, and space programs provide support 
for the highest proportion of both PhD's and non-PhD's. 

2. A higher proportion of non-PhD's than PhD*s receives support 
from defense activities, and a lower proportion of non-PhD*s than 
PhD's receives support from atomic energy programs. The distribu- 
tion of support from other government programs is much the same for 
PhD's and non-PhD's. 
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TABLE nr. 8 States Sources of Government Support, by Degree 



PliD 



Non-PhD 



Source 



Number 



Percentage ' 



Number 



Percentage 



Defense 
Atomic energy 
Space 
Education 
Health 

Housing, public 
works , t ranspor t£^- 
tion, and urban 
development 

Agriculture, natural 
resources, and rural 
development 

Other 



TOTAL 



3,9Al. 
3,235 
2,176 
1,049 
541 
309 



262 



1,037 
12,550'' 



39. 
32. 
21. 
10. 

5, 
3. 



5,023 
1,838 
2,215 
1,141 
437 
328 



49.3 
18.0 
21.7 
11.2 
4.3 
3.2 



2.7 



10.4 



293 2.8 



12,204 



929 9.1 

c 



"■^Data from the 1970 National Register of Scientific and Technical 
Personnel. 

^Percent of those with government support (that is, of the 9956 
PhD's and 10,188 non-PhD*s) who indicate support from a particular 
program. These percentages do not add to 100 because of multiple 
responses. 

^Includes multiple responses. Apparently 2594 PhD's and 2016 non- 
PhD*s indicated more than one source of government support. 



Figure III. 1 comoares the distribution of support among agen- 
cies, based on Table III. 8, with the distribution of support acknow- 
ledged in journal articles (described in Section III. 1.2.1). The 
distributions are similar, with one exception: the other govern- 
ment category for each of the two types of data constitutes a 
somewhat smaller percentage than one would expect from the presumed 
correspondence with several categories of the other. The major 
conclusion from the figure is, however, that the fraction of papers 

in Tables III.l HI. 6 that did not acknowledge any government 

support probably is about the same as the fraction that, indeed, 
had no such support. 



III. 2 Support of Physics Research by Major Government Agencies 

That most of the funds for physics research in the United States 
come from a small number of government agencies made it possible 
for the Data Panel, in collaboration with liaison representatives 
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of those agencies, to obitaXn a reasonable picture of tlie magnitude 
and distribution of the greater part of these funds. By detailed 
examination of the records of the agencies, it was possible to ob- 
tain dollar amounts for the expenditures on research in each of a 
number of subficlds of physics, using definitions of research and 
of the boundaries of subfields that would be consistent from agen- 
cy to agency. This procedure was much more satisfactory for our 
purposes than simply recording the categories into which the agen- 
cies organized their expenditures, as these categories arc often 
not comparable from one agency to another and do not correspond to 
the subfield division used by the Physics Survey. This detailed 
survey of the funding of physics research was, however, deficient 
in a number of respects: Agencies providing only minor support to 
physics were not included, and even within the major agencies, the 
activities of some subdivisions were omitted; also, subfields such 
as physics in biology and earth and planetary physics, in which 
physics penetrates a large neighboring discipline, were covered 
only imperfectly. Nevertheless, the tables we will present show a 
reasonably valid picture of the funding pattern for most of physics. 

III. 2.1 DF.TAILED PARTIAL DATA 

Table III. 9 gives the data obtained from the government agencies 
that are the chief sources of support for physics research. The 
definitions of the subfields used were essentially those described 
in Section IV. 1.1. However, there is no miscellaneous category 
(which accounts for about 4 percent of the U.S. physics literature*); 
for the entries of this table, all support for miscellaneous physics 
was assigned to the most nearly appropriate one of the remaining 
subfield categories, including the interfaces, earth and planetary 
physics and physics in biology, which are not represented by rows 
of the table because their funding is inseparable from that of non- 
physics disciplines. 

Table III. 10, similar to Table III. 9, shows the distribution 
of DOD funding among the three major services. 

It is interesting to compare these totals (which of course re- 
quire some supplementation — see Critique of the Data, Section 
III. 2. 2) with DOD's breakdown according to discipline.' Apparently 
most of what DOD classifies as general physics is physics research 
by our definition; most of what it classifies as nuclear physics 
is not; significant amounts of what we classify as physics research 
are found in other of the categories, such as chemistry or mater- 
ials research. 

III. 2. 2 CRITIQUE OF THE DATA 

Our first objective is to make some rough estimates of the magnitude 
of the expenditures for physics research by agencies or portions of 

^Physics in Perspective, Vol. II, Part B, Table XIV. 11, 
'^Physics in Perspective, Vol. I, Table lO.A.lOt 




158f> PHYSICS IN PKRSIMOTMVK 



TABU' tn,9 Kxpentlituros by Fedora! Agencloa Cor Rusenrch Ln the 
Various SubflcUls oC Physics, 1967—1970' 



Sub- 
floLcl 



A&R 



AME 



EP 



P&F 



CM 



Opt 



Acoust 



Agency 



DOD 

AEC 

NASA 

NSF 

Total 

AEC J 
NASA 
NSF 
Total 

ap:c 

NASA 

NSF 

Total 

DOD^ 
AEC , 
NASA 
NSF 
Total 

AEC 
NASA 
NSF^ 
Total 

AEC ^ 
NASA 
NSF 
Total 

AEC ^ 
NASA 
NSF 
Total 

AEC ^ 
NASA 
NSF 
Total 



1 Q A 


1 C] A A 


1 QA7 


1968 




1969 


1970 


2.5 


2.8 


3.4 


2. 


5 


3.1 


2.3 


0.8 


0.9 


0.9 


I. 


2 


1.1 


1.3 


*~ 


0 . 02 


0. 02 


0. 


02 


0.1 


0.8 


J. J 






3. 


7 


4.3 


4.4 


A. 4 


4.4 


4.4 


3. 


7 


4.8 


4.4 


A.l 


4.9 


5.1 


5. 


4 


5.8 


6.1 


1 Q 

1.7 


J. ( o 


± m J 


1. 


4 


1.2 


1.1 


1.6 


1.0 


2.2 


2. 


1 


1.7 


1.5 


12.0 


12.1 


13.0 


12. 


6 


13.5 


13.1 


7 A 


7 fi 


7 . 3 


7. 


7 


2.6 


2.3 




97 . 5 


107 . 8 


113. 


4 


118.7 


120.6 


0.1 


0.1 


0,05 


0. 


05 








7.0 


9.5 


10. 


5 


12.9 


12.1 


99.1 


112.2 


124.6 


131. 


7 


134.2 


135.0 


9.6 


7.9 


6.4 


4. 


6 


4.9 


4.4 


51.6 


61.1 


69.7 


73.3 


77.5 


83.8 


0.5 


0.6 


0.8 


1. 


,4 


1.4 


1.2 


4.9 


12.3 


12.2 


15. 


.4 


16.4 


10.0 


bo . b 


fli Q 


07 . J. 


94. 


.7 


100.2 


99.4 


i. b 


A n 




4. 


.4 


4.2 


4.3 


o c 

0 . D 


Q 0 


Q 7 

7 . / 


11. 


.0 


11. 5 


11.8 


5 . 6 


5.7 


5.4 


5, 


.0 


3.5 


2.4 




0.1 


0.2 


0, 


.3 


0.7 


1.0 


17.7 


19.0 


19.2 


20, 


.7 


19.9 


19.5 


16.8 


17.5 


16.9 


16 


.4 


18.6 


17.0 


21.9 


24.6 


26,5 


28 


.3 


29.4 


29.9 


2.8 


3.8 


3.5 


4 


.1 


3.3 


3.4 


4.0 


5.4 


5.6 


5 


.8 


6.0 


6.1 


45.5 


51.3 


52.5 


•54 


.6 


57.3 


56.4 


3.1 


2.9 


3.3 


3.7 


3.8 


3.5 


1.0 


1.3 


1.7 


1 


.4 


1.7 


1.9 


0.4 


0.7 


0.9 


1 


..3 


1.4 


1.3 


4.5 


4.9 


5.9 


6 


.4 


6.9 


6.7 


0.6 


0.8 


0.8 


0 


.8 


1.8 


1.4 


0.05 


0.05 


0.07 


0 


.03 


0.02 


0.02 




0.03 


0.01 


0 


.01 


0.01 


0.01 


0.7 


0.9 


0.9 


0 


.8 


1.8 


1.4 
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TABLt: til. 9 I-xpenditurcs hy Federnl Agencies Cor Kcsoarch In the 
Various Subfieids oC Physics, 1967—1970 (continued) 

Suh- . Dollars per Fiscal Year (In millions) 

field ' Agency 1965 1966 1967 1968 1969 1970 



All DOD"* 
Hub- A EC ; 

fields NASA' 
NSF 
Total 



AB.O A7.9 

175.1 199.5 

11. A 12.8 

IA.9 25.8 

2^»9,A 286.0 



A6.A 43.8 

221. A 23A,0 

12.0 13.3 

29.7 3A.1 

309.5 325.2 



A3. 8 39.6 

2/f5.7 255. A 

10.8 9. A 

37.8 31.5 

338.1 335.9 



^The interfaces, earth and planetary physics and physics in biology » 
are omitted from this table, because their funding is difficult to 
separate from that of the relevant nonphysics disciplines. 

^'Subfitsld abbrevlationi? used are the same as those identified in 
Table tll.l, footnoted, 

^*Data from the fincal suppiement 6.1, "Defense Research Sciences" 
only; see "Critique of the Data" (Section 2.2) for rough estimates 
of the expenditures under element 6.2, Exploratory Development. 
Also, only funding by the three services has been included (see 
Table TIT. 10); see Section 111.2.2. 

"^Data for activities of the Office of Advanced Research and Tech- 
nology only; see Critique of the Data, Section III. 2. 2 for rough 
estimates of expenditures by the Office of Space Sciences and Ap- 
plications and other NASA subagencies. 

^Data gathered separately and in somewhat greater detail than for 
the other subfields: See Volume II, Part A, Chapter II, especial- 
ly Tables II. 9 and 11.10. Both operations and construction of fa- 
cilities are included; they are listed separately in the tables 
cited. The figures refer to basic research only and thus may fail 
to include some work that would- qualify as research under the defi- 
nition used elsewhere in the table. 

•^Entries undoubtedly too low: See Section III. 2. 2. 5. 

^Support from the Advanced Research Projects Agency through inter- 
disciplinary materials research laboratories is not included on 
this line: See Critique of the Data, Section III. 2. 2 and Table 
III. 11. 



agencies not included in the preceding tables. One of the most 
useful sources of information for this purpose is the acknowledg- 
ment of research support in journal articles, the general pattern 
of which has already bepn discussed. We have supplemented this 
general study with sor.e special samples of papers acknowledging 
DOD or NASA support. 



133 



1,588 PHYSIf:.S IN PKRSPFXTT.VK 



TABIF HI. 10 Kxponditurcs by the Three Services of the Depnrtment 
of Dofcnwu''^ foi' Research in the Various Subfields of Physics » 
195^—1970, with Kstimatos for L971 



Subf it'hl 



\ \ n r fj_p I' r V i sra l Yi 



.•>r (I n mi I ^ h msj ^ 

l<)fi7 l')f.'H V)h9 19)0 



AMI 


Army 


0.02 


0.03 


0.02 


O.OI 


0 




Navy 


1 . 1 


I. I 


1 . 5 


;!.o 


1.2 




Air Forck! 


I. :^ 


1 


1.3 




1.3 


AMK 


Army 


0. j 


0.6 


0. 7 


0.5 


0.5 




Navy 




O./i 


O.A 


0.6 


0.4 




Air Force 


3.3 


3.3 


3./i 


3.3 


2.7 


EP 


Army 


0.02 


0.05 


O.OA 


0.03 


0.07 




N.ivy 


f).3 


6.3 


6.2 


6.1 


6.5 




Air Fo rrc 


1.0 


1.0 


1.3 


1.1 


1.1 


Army 


0.2 


O.A 


0.^ 


0./* 


0.5 




Navy 




6.8 


6.8 


7.4 


6.1 




Air Force 


0.7 


0.7 


0.7 


0.7 


0.7 




Army 


O.A 


0.5 


0.5 


0.5 


0.5 




Navy 


0.8 


0.8 


0.9 


0.9 


2.0 




Air Force 


2.2 


2. 3 


2.6 


2.5 


2.2 


CM 


Army 


3. 7 


3.7 


3.9 


3.9 


3.2 




Navy 


1.7 


1.7 


1.7 


1.9 


2.7 




Air Force 


11.0 


U.'i 


11.9 


11.0 


10.5 


Opt 


Army 


0. 5 


0.6 


0. 5 


0.4 


0.6 


Nnvy 


0.6 


0.5 


0. 5 


0.9 


1.3 




Air Force 


1.9 


2.0 


2.0 


1.9 


1.9 


Acoust 


Army 


0 


0 


0.02 


0.02 


0 




Navy 


0.6 


0.6 


0.8 


0.8 


0.8 



Air Force 



0 



0 



0 



0 



0 


0 


1.6 


1.2 


1.5 


1 .1 


0.4 


0.6 


0.6 


0.5 


3.8 


3.3 


0 


0 


1.3 


1.4 


1.3 


0.8 


0. 3 


0.3 


4.0 


3.9 


0.7 


0.6 


0.3 


0.3 


1.7 


1.7 


2.2 


2.3 


3.9 


3.7 


4.4 


3.4 


10.4 


10.0 


0.7 


0.5 


1.5 


1.5 


1.6 


1.5 


0 


0.05 


1.8 


1.3 



0 



0 



0 



(0) 

(0.5) 

(0) 

(0.5) 
(0.6) 
(3.7) 

(0) 

(1.6) 

(0.3) 

(0.4) 
(3.3) 
(0) 

(0.4) 
(3.1) 
(1.9) 

(3.8) 
(3.7) 
(9.2) 

(0.6) 
(1.5) 
(1.2) 

(0.02) 

(0.3) 

(0) 



•'Data from the fiscal supplement 6.1, "Defense Research Sciences" only; see Critique 
of the Data, Section III. 2. 2 for rough estimates of the expenditures under element 
6.2 "Exploratory Development." Also, only funding by the three services has been 
Included (see Table III. 10); sec Section III. 2.2. 

^Ab In Table tll.9, the Interfaces, earth and planetary physics and physics In biology, 
are omitted. 

''Subfleld abbreviations used are the same as those Identified In Table III.l, foot- 
note h. 

■"Totals In this row do not quite agree with Table III. 9, for the data were compiled 
differently and, in particular, may reflect different assignments of long-term ex- 
penditures to years. 
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III. 2. 2.1 Mtnacllancous Dcfenc.c Agcnatca in DOP 

In regard to support for physics research, the most important of 
the DOD agencies other than the three services has been the Ad- 
vanced Research Projects Agency (ARPA). During the 1960*s, ARPA 
provided large-scale support for the creation and operation of 
interdisciplinary materials research laboratories at some dozen 
universities. The sums disbursed by AKPA for this purpose are 
shown in the top line of Table III. 11. 

TABLK TIT. 11 Support of Interdisciplinary Materials Research 
Laboratories by the Advanced Researcli Projects Agency 



S upport (in millions of dollars) per Fiscal Year 
Activity 196A 1965 1966 1967 1968 1969 1970 1971 



Interdisciplinnry 16.2 17.5 17.7 16.7 l.A 9.6 5.9 A.O 
materials research 
laboratories^ 

Physics 10.2 11.0 11.2 10.5 0.9 6.0 3.7 2.9 



Support provided by the Advanced Research Projects Agency of the 
Department of Defense. 

Rough estimates of approximate amount allocable to physics (0.63x 
the support received by interdisciplinary materials research labora- 
tories from the Advanced Research Projects Agency). 



A sizable part of this support went for buildings and central 
facilities usable by workers in several disciplines, so it is less 
easy to estimate the amount allocable to physics than it is for in- 
dividual-grant support; A sampling of records of 5 of the 12 lab- 
oratories showed a fraction 0.30 of the participating faculty mem- 
bers to be in physics or applied physics departments. However, 
much physics work in the laboratories is done by faculty of other 
departments (especially electrical engineering and metallurgy or 
materials science). A better indication of the distribution of 
effort among disciplines is provided by counts of publications. 
We have examined over 600 papers from four of the laboratories and 
find that about 63 percent of them can be classified as physics, 
largely condensed matter but with a sizable component also in atom- 
ic, molecular, and electron physics. Of the laboratories not sur- 
veyed in this count, some are known to have slightly more emphasis 
on physics than those surveyed, some slightly less. It seems rea- 
sonable to make a rough estimate of ARPA support of physics re- 
search in the interdisciplinary laboratories by multiplying the 
top row of Table III. 11 by the factor 0.63; the results are shown 
in the bottom row. This augmentation of the amount spent for con- 
densed-matter and atomic, molecular, and electron physics by the 
three services (Table III. 9) is considerable; it was relatively 
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largest in the years prior to 1967, when the laboratorleH were in 
the Browing phase. 

The ARPA has also spent smaller sums in other types of support 
of physics rusearch, as have several other defense agencies in ad- 
dition to the three services. To obtain Information on the dis- 
tribution of DOD support within its subagenclcs, we sampled all 
papers in a one-month period In all primary Journals published by 
the AIP. In this sample there were 129 papers from U.S. institu- 
tions acknowledging DOD support. The distribution of these among 
performing institutions and supporting subagencies appears in 
Table tit. 12. Wlien allowance is made for the exclusions in the 
present sample and for the less complete range of journals covered, 
the distribution over institutions is reasonably consistent with 
that in Table III. A and the distribution of papers among the three 
services is reasonably similar to the distribution of funds dis- 
played in Table III. 10. Thus it is logical to assume that, except 
for the broad 'institutional grants not reflected in the table and 
the ARPA support of materials laboratories, DOD support of physics 
research through other defense agencies has been slightly less than 
one tenth of that provided by the three services listed in Table 
tll.lO. 

III. 2. 2. 2 Phijsiaa Haaearch Support under DOD's Fiscal Category 6.2 

Category 6.2, Exploratory Development, involves expenditures two 
to three times larger than category 6.1, Defense Research Sciences. 
If even a small fraction of 6.2 is physics research by our defini- 
tion, it may significantly augment the total from category 6.1, 
which we have presented in Tables III. 9 and III. 10. With the co- 
operation of the Air Force Office of Scientific Research, we were 
able to trace the fiscal categories under which the 70 papers of 
our sample reporting Air Force support were funded. (The figure, 
70, is greater than the Air Force total in Table III. 12 because of 
a number of cases in which multiple support was acknowledged.) The 
distribution of these 70 papers is shown in Table III. 13. 

If these figures can be regarded as typical, it would be reason- 
able to augment the DOD totals in Tables III. 9 and III. 10 by about 
20 percent to allow for the support jf physics research, as we have 
defined it, through funds in category 6.2. The total aiugmentation 
from this source and that discussed in the previous paragraph would 
be about 25 percent to 30 percent. 

III. 2. 2. 3 Other tJASA Support for Physics 

The picture of NASA's support for physics research can vary enorm- 
ously depending on where the boundaries of physics are placed. 
Satellite-based lunar and space physics research, although within 
the scope of the Physics Survey Committee, is often difficult to 
separate from astronomical and earth-science research, and some- 
times even from nonresearch activities conducted simultaneously; 
in any event, it is exceedingly expensive. As these extraterres- 
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TABLE III. 12 Distribution among Performing Institutions and 
Sources of Support of a Sample of U.S. Papers Acknowledging 
Support from the Department of Defense 



Performing Institutions and 
Sources of Support 



Perform-ing Institution 

University 
Indus try 

Government (non-DOD) laboratory 
Other (including federally funded 
research «nH Hevelortment centers) 

Source of Support uithin DOD ■ 

Army 

ARO Durham' 
Other 

Navy 

ONR^ 
Other 

Air Force 

d 

AFOSR 
Other 

Other defense agencies 



Papers 

Number Percent (.V 129) 



99 77 

21 16 

1 1 

8 6 



17.5 U 

7.5 6 

2A 19 

A 3 

A8 37 

19.5 15 

8.5 7 



^When more than one DOD subagency was acknowledged, or when two 
collaborating performers each acknowledged DOD support, fractional 
weights were assigned. Work at DOD-operated laboratories or other 
agencies receiving DOD funds is included, as is that of all feder- 
ally funded research and development centers. Support from the 
Advanced Research Projects Agency is included only when specific- 
ally related to the research report (not merely support of inter- 
disciplinary materials research laboratories). 

^Army Office of Research at Durham, North Carolina. 
c 

Office of Naval Research. 
^Air Force Office of Scientific Research. 
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TABLE III. 13 Categories under Which Support Was Granted for Work 
Reported in 70 Physics Research Papers Acknowledging Funds from 
the Air Force 



DOD Category 


Number 


of Papers 


Defense research sciences (6.1) 


58 




General physics, nuclear 




34 


physics, and astronomy and astrophysics 




0 


Other categories (chemistry, electronics, 




24 


etc.) 






Exploratory development (6.2) 


12 





trial programs have been discussed at length elsewhere, we shall 
try merely to develop a rough picture of the extent of NASA fund- 
ing of laboratory, theoretical, and terrestrial field work. We 
shall not discuss the last of these in any detail; it will suffice 
to remark that in a sampling of papers appearing in journals in the 
earth sciences the content of which is largely physics, we found 
the sources of support acknowledged to be distributed among a wide 
variety of agencies, with DOD and NSF each acknowledged consider- 
ably more often than NASA; for extraterrestrial research the pro- 
portions were reversed. 

Of greater concern is the distribution of support for the core 
subfields of physics among the different branches of NASA. This 
agency's report on its university program* provider a helpful guide, 
since, according to Table III. 6, of 59.5 NASA-supported papers in 
subfields other than astrophysics and relativity and earth and 
planetary physics, 34.5, or 58 percent, were from universities. A 
perusal of this document shows that about 94 of the 172 items clas- 
sified by NASA as physics were operating under a current grant or 
contract in September 1969. However, only about 79 of these were 
in the core subfields of physics. Some approximate figures for the 
annual rate of funding reported there appear in Table III. 14. Here, 
the category "Other NASA" represents for the most part funding 
through the various NASA in-house laboratories; the funds in general 
came from the Office of Advanced Research and Technology or the Of- 
fice of Space Science Applications but in proportions that are not 
revealed in the data. The figures of Table III. 14 need to be sup- 
plemented by estimates of physics work appearing in the listings 
under other classifications than physics. A sampling of the list- 
ings has convinced us that the amount of such university work in 



*NASA*8 University Program ("Office of University Affairs, NASA, 
1970). Mispagination made our survey incomplete, hence our use of 
the words "about" and "approximate" in the text. 

'^Physics in Perspeotivey Vol. II, Par*: B, Chapter IX. 
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the physics subfields covered by Table III. 14 was rather less than 
the amount given in the Table, though quite possibly over half as 
great. Thus, the total FY 1970 NASA support for university work in 
these subfields was doubtless in the range of $3 million to $4 mil~ 
lion, and probably closer tc the lower figure. 

TABLE III. 14 Approximate Distribution among Subfields of Support 
from the National Aeronautics and Space Administration in 1969 
(FY 1970) for Physics Research ^ in Universities 



Physics NASA, Funding (FY 1970) (in millions of dollars ^ 

Subfield OAKT OSSA"" Other NASA 



Atomic, molecular. 


0.27 


0.19 


0.19 


and electron 








Plasmas and fluids 


0.43 


0.10 


0.34 


Condensed-mat teg 
Other subfields 


0.07 


0.13 


0.18 


0.15 


0 


0.05 


TOTAL 


0.92 


0.32 


0.76 



^Research classified by NASA as physics. 



Office of Advanced Research and Technology. 
^Office of Space Science Applications. 

'^lot including earth and planetary physics, astrophysics and 
relativity, and physics in biology. 



A tempting procedure for estimating the amount of NASA support 
through divisions other than the Office of Advanced Research and 
Technology (essentially the Office of Space Science Applications) 
for the core subfields represented in Table III. 14 is the follow- 
ing: Combine the estimate just given for total NASA support of 
work in these subfields in universities with the assumption that 
the ratio of support for nonuniversity work (for example, in in- 
dustry or in-house laboratories) to that for university work is 
the same as the ratio of numbers of publications as given in 
Table III. 6. Unfortunately, this assumption does not always seem 
to be a reasonable one: Well over half of the NASA-supported pa- 
pers in this table are from universities, yet even our highest 
estimate for the dollar amount of support of such work is less 
than half of the amount recorded in Table III. 9 for support by the 
Office of Advanced Research and Technology alone. Examination of 
particular subfields reveals that this discrepancy is not present 
for atomic, molecular, and electron physics but is pronounced for 
plasmas and fluids and condensed-matter, as well as for the sum 
of the remaining core subfields. In general, we can write, using 
an obvious notation for different components of expenditure F, 
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NASA 



OART 



+ P. 



Other 



F + F 
U non-U 



(1) 



where the first line represents the division between sources of 
funding within NASA, the second line the division between perform- 
ers receiving the funds, and, in the third line, the ratio 25/34.5 
is the ratio of papers sampled from nonuniversity to university per- 
formers in Table III. 6, and r is the ratio of cost to NASA per non- 
university paper supported to cost per university paper supported. 
(As in Table III. 14, we are excluding the ir^portant interfaces, 
earth and planetary physics, astrophysics and relativity, and phys- 
ics in biology.) Even with what would seem to be the quite extreme 
assumptions F^ = $4 million, r = 3, Equation (1) still gives for 

. only a minor fraction of F^.^„, 
Other ^ OART 

Since NASA does not contribute much of the support for the most 
expensive types of research in elementary-particle, nuclear, and 
plasma physics (although it does support some research on. plasmas) , 
it is not unreasonable to make a rough estimate of the total amount 
of NASA support for research in the core subfields from the counts 
of papers in Table III.l. Such an estimate gives, for example, a 
NASA activity equal to about 39 percent of that of the NSF. This 
estimate again would be consistent with augmenting the NASA figure 
given in Table III. 9 by no more than about one third. Thus we be- 
lieve that a minor augmentation of this order is the appropriate 
one for the core subfields. The large expenditures that NASA cer- 
tainly makes in physics-related fields are undoubtedly concentrated 
in the astronomical and earth and planetary subfields. 

Before concluding this section we should comment on the unusual- 
ly wide range of numbers that one can obtain for NASA support of 
research by consulting different sources. For example, the figures 
reported in the NSF's Federal Funds for Research^ Development^ and 
Other Scientific Activities show some $90 million for basic research 
in elementary-particle physics, whereas one almost never encounters 
an elementary-particle physics paper with an acknowledgment to NASA. 
Apparently a different definition is being used. The same NSF pub- 
lication reports nearly $60 million of NASA funds for basic research 
in universities, and a comparable figure for applied research and 
development in universities, whereas the grants and contracts listed 
in MSA*s University Program as active in any given year add to a 
much smaller figure. Clearly, definitions of what is included are 
critical in interpreting dollar figures. We believe that the fig- 
ures we have developed here, although only approximate, are rea- 
sonably correct for NASA's support of publishabla physics research 
in the core subfields. 

TII.2.2.i* '"^ther Federal Agencies 

According to Table III.l, the number of physics papers citing sup- 
port from federal agencies other than DOD, AEC, NASA, and NSF is 
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a fraction about 0.067 of the number citing support from these a- 
gencies; if we restrict ourselves to the core subfields (excluding 
astrophysics and relativity, physics in biology, and earth and plan- 
etary physics) the fraction is 0.077. Undoubtedly, the agency re- 
sponsible for most of this other government support is the National 
Bureau of Standards; however, occasional support from the Depart- 
ment of Health, Education and Welfare (especially in physics in 
biology) and from other agencies is encountered. Table III. 15 shows 
the distribution of support by the National Bureau of Standards in 
FY 1970. Figures for the Office of Standard Reference Data are 
separated .from the others; although for the most part this work is 
not the generation of entirely new knowledge, it represents a con- 
solidation of knowledge that is vital for the progress of research 
effort and provides an example that other research-supporting a- 
gencies would do well to emulate. 



TABLE III. 15 Amounts Expended by the National Bureau of Standards 
for the Support of Physics Research and Consolidation of Ifesearch 
Results, FY 1970 



Physics 








Sub field 


Research Units 


OSRD^ 


Total 


Astrophysics and 


0 


0 


0 


relativity 






3.08 


Atomic, molecular, 


2.53 


0.55 


and electron 








Element ary-par t icle 


0.43 


0.02 


0.45 


Nuclear 


1.42 


0.04 


1.46 


Plasmas and fluids 


1.08 


0 


1.08 


Condensed-matter 


2.80 


0.40 


3.20 


Earth and planetary 


0.30 


0 


0.30 


Physics in biology 


0.05 


0 


0.05 


Optics 


0.74 


0 


0.74 


Acoustics 


0.33 


0 


0.33 


Miscellaneous physics 


0.72 


0.15 


0.87 


TOTAL 


10.39 


1.16 


11.55 



^Office of Standard Reference Data. 



III. 2. 2.5 Consistency of the Funding Picture 

It has become clear in the course of this discussion that one can 
get wildly different numbers for the funding of research in any 
subfield of physics, depending on the definitions one uses of re- 
search and of the scope of the various subfields. Our philosophy 
has been to identify funding levels for research, be it basic or 
applied, defined as the production of new knowledge that becomes 
part of the generally accessible. public record and to delimit 
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physics from other disciplines and the subfields from one another 
by judgments that will be consistent with the pattern of citations 
in the research literature (see Section IV. 1.1). Thus one should 
be able to compare the funding figures that we have developed with 
the acknowledgments of research support found in a random sample 
of papers in the literature, as given in Table III.l. One does 
not expect proportionality of dollars with acknowledgments: Some 
subfields are much more expensive than others; some agencies con- 
centrate on the support of expensive subfields or the support of 
expensive facilities in these subfields; with some subfields or 
agencies, support may tend to be more nearly total than in others. 
But one would like to feel that any differences in the patterns of 
dollar support and acknowledgments are reasonable, with allowance 
for known effects of these kinds. 

Figure III. 2 shows this comparison. In regard to the distribu- 
tion among agencies, shown at the top of the figure, the compari- 
son is quite reasonable: The vastly larger relative dollar expen- 
ditures by the AEC are understandable in view of the great expense 
of the large machines used in elementary-particle and nuclear phys- 
ics and to some extent also in plasma physics; these are supported 
almost entirely by AEC. The same factors account for the anomalies 
in the distribution over subfields, shown at the bottom of the fig- 
ure. 

A detailed breakdown by both agency and subfield is hardly worth 
making, as the entries in Table III.l suffer from small-number sta- 
tistics. However, examination of the entries does reveal at least 
one shortcoming in the funding figures of Table III. 9; The figures 
for funding of research in plasma physics and the physics of fluids 
by the NSF are undoubtedly too small. Apparently a considerable 
amount of work supported as engineering, mathematics, or some other 
nonphysics discipline actually appears in the physics literature 
as physics. 

III. 3 Industrial Siipport of Physics Research 

The fairly large contribution of industrial organizations to the 
support of physics research in the United States, although almost 
entirely localized in their laboratories, is not easy to isolate, 
because the same organizational units often perform not only re- 
search but development and other activities. Therefore, we decided 
to investigate this support by requesting relatively detailed in- 
formation from a small but representative group of industrial lab- 
oratories. As a by-product, useful data relevant to other portions 
of this report were obtained; these will also be presented and 
cross-referenced from the appropriate other sections. 

III. 3.1. RATIONALE OF THE SAMPLING APPROACH 

Because we are interested in the support of research, defined as 
the production of published new knowledge, we undertook first to 
find out how the volume of publication in physics journals is dis- 
tributed among U.S. industrial laboratories. By counting publica- 
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tions in physics journals listed in the Corporate Index section ot 
the 1969 Science Citation Index, we identified about AO labora- 
tories with high publication rates in physics. The leading 25 of 
these are listed in Table 9.3 of Volume I of Physics in Perspec- 
tive, The extent to which U.S. industrial research is concentrated 
in these leading companies can be ascertained by comparing the to- 
tal of their publications with the total published from all U.S. 
industrial sources. One can do this crudely by comparing the total 
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FIGURE III. 2 Comparison of estimated dollar distribution of federal 
funding with counts of physics papers acknowledging federal support. 
Shaded bars are totals for FY 1969 from Table III. 9, terminated in 
some cases by regions of opposite shading to take account of aug- 
mentation estimates in Section III. 2. 2. Open bars (arbitrary scale) 
are proportional to number of . acknowledgments in Table III.l. Top: 
distribution over major agencies, work in all subfields exclusive 
of earth and planetary physics and physics in biology. Bottom: dis- 
tribution over subfields for work funded by the four major agencies. 
Note differing scales of dollars. 
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of 2179 papers from the 25 companies in Table 9.3 with the total 
estimated physics papers from all U.S. industrial organizations, 
2900 given in Table XIV. 11 of Volume II, Part B of Physzcs vn 
Perspective. The ratio of these two numbers is 0.75; however, one 
might doubt the validity of this comparison, since one group of 
papers represented publications in any kind of journals deemed to 
be physics journals and the other represented research articles in 
physics appearing in any publication covered by Physvcs Abstracts. 
However, the ratio is remarkably close to that obtained in an inde- 
pendent-sampling of articles in some 16 journals in which 216 ar- 
ticles from these 25 companies were found compared with a total of 
293 from all industrial organizations. The ratio of these two num- 
bers is 0.7A. Thus it is fairly safe to conclude that a sample 
drawn properly from these 25 organizations and others of only 
slightly lower productivity should be adequate to characterize 
physics research in U.S. industry as a whole. 

A representative sample from industry should have two character- 
istics* It should contain proper representation from both large 
and small laboratories, and it should take into account the dif- 
ferent research patterns typifying different types of industries 
(electronic, aerospace, chemical, and the like). We sought detailed 
information from 21 companies, fairly evenly distributed among six 
types of industry shown in the tables that follow. Confidentiality 
of replies was promised, and usable data were received from 18 of 

the 21. ' ^ . . 

To make it as convenient as possible for our respondents to 
-.ive answers that would have a relatively clearly defined meaning,, 
we requested data from only a single organizational subunit of 
each company, generally the one with the greatest research activ- 
ity in physics. For each subunit we requested the foxlowing infor- 
mation: 

1. Staff: total professional staff; number working as physi- 
cists- physics and nonphysics doctorates; theoretical physicists. 

2. ' Costs: total cost for all work done by the research unit; 
relative cost per professional for physics and nonphysics work; 
fraction of costs paid by company, government, and other sources. 

3. Publications: fractions of work appearing in publications, 
patents, under security classification, or for internal use only; 
number of published papers in all fields; number published in AIP 

journals. . 

A Time trends: changes since two, five, and ten years ago in 
physics manpower, cost per professional per year; expected changes 
in manpower in the next two or five years. 

Our respondents were asked to select the administrative subunit 
on which to report in such a way that its characteristics would 
typify the greater part of the physics research done by the com- 
pany. ^ 

LII.3i2 RAW DATA 

Table 111.16 shows the staff composition of the organizational 
units sampled. The reader must be cautioned against drawing infer- 
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ences about the total research staffs of the various types of in- 
dustries from the data shown. Each company supplied data only for 
a certain organizational subunit, so chosen that its work in phys- 
ics could be considered typical of that of the company as a whole 
but by no means necessarily having the same proportion of physi- 
cists and nonphysicists as would obtain for those engaged in re- 
search throughout the company. Caution also is necessary in regard 
to other characteristics of the sample. For example, that the ra- 
tio of physicists to total staff is smaller for the chemical and 
metallurgical and miscellaneous manufacturing categories than for 
the others may well result from the obviously lesser physics ori- 
entation of the research programs of these types of companies. Be- 
cause of this lessev orientation toward physics, they are less 
likely to have an organizational subunit with a high proportion of 
physicists . 

The proportion of theoretical physicists is highest in the com-, 
munication and electronic data-processing, aircraft and space, 
and chemical and metallurgical industries and is low elsewhere. 
This circumstance undoubtedly affects the relative cost -of physics 
res ear ch. 

The final rows of the table show a fairly consistent picture of 
growth during the early 1960* s, retrenchment at the end of the 
1960* s and anticipated modest growth in the 1970* s. As might be 
expected, there are substantial fluctuations from company to com- 
pany within each group. Not surprisingly, the most violent fluctu- 
ation has occurred in the aircraft and space companies. 

Table III. 17 gives a similar presentation of data on the cost 

TABLE III. 17 Funding Data from 18 Industrial Research Organiza- 
tions (1970) ] 



Type of Industry 

Communica- Optical Air- Chem. 

tion and Other and Other craft and 



Types of Data 


Electronic 


Elec- 


Instru- 


and 


Metal- 


Misc. 


Supplied 


Data Proc. 


tronic 


mentation 


Suace 


lure. 


Mff. 


Cost of work ($K) 


65 


67 


65 


51 


49 


62 


per professional 














per year 














Range 


51-80 


53-94 


6CH70 


35-75 


5CH70 


45-76 


Approx. physicist 


1.00 


1.05 


1.05 


1.00 


0.93 


0.90 


cost/mean cost 














Average fractional 














increase in cost/ 














professional 












0.55 


Since 1960 


0.60 


0.56 




0.45 


0.50 


Since 1965 


0.18 


0.23 


0.30 


0.27 


0.35 


0.23 


Since 1968 


0.13 


0.08 


0.10 


0.15 


0.30 




Average fraction 














of costs sup- 














ported by 
Own company 
Government ■ 


0.98 
0.02 


0.85 
0.15 


0.44 
0.56 . 


0.28 
0.72 


1.00 
0 


1.00 
0 
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of research and other work performed by the units sampled. Although 
there is again some fluctuation from organization to organization 
within each group, the average cost of work per professional staff 
member is remarkably constant among groups. Also, the cost per 
staff member for work in physics is always considered as close to 
the average of all work done by the organizations. The middle lines 
of the table indicate a fairly steady increase in the cost of re- 
search during the past decade, at a rate of about A. 5 percent per 
year. 

The last two rows of the table are significant, for any estimate 
of the contribution from private enterprise to the support of phys- 
ics research must take into account that an appreciable fraction 
of the worfe done in industrial laboratories is supported not by the 
companies concerned but by the government. This proportion is par- 
ticularly high in the instrumentation and aircraft and space cate- 
gories. However, some companies in other categories operate com^ 
pletely federally funded research and development centers; these 
are excluded from both our present sampling and the analysis that 
follows . 

Table III. 18 presents statistics on research publications by the 
units sampled. The ratio of papers appearing in AIP journals to the 
total is a rough, though by no means infallible, measure of the de- 
gree of emphasis on physics in these organizations. The ratios cor- 
relate generally with the fraction of staff who are physicists, 
shown in Table III. 16. The chemical and metallurgical and miscel- 
laneous manufacturing categories have the lowest figures. The mis- 
cellaneous category also has a rather low fraction of its physics 
research appearing in published form; however, this finding may be 
an artifact of the choice of organizational subunits. The amount of 
work eventuating in patents seems to be particularly high in the 
optical and instrumentation category, and the chemical and metal- 
lurgical laboratories have a substantial number of doctoral-level 
staff members who publish little. 

III. 3. 3 ANALYSIS AND INFERENCES REGARDING INDUSTRIAL FUNDING 

Our procedure for estimating the amount of support contributed by 
U.S. industry to research in physics will be, in essence, to find 
the expenditure for such research by the organizational units of 
the sample and to multiply this by the ratio of the total amount 
of U.S. industrial physics research to that performed by the or- 
ganizations sampled. We shall try to do this in as thorough a man- 
ner as possible, taking account of possible differences in the re- 
search patterns of different types of companies. We should point 
out, however, that our sample is not only fairly representative of 
the distribution of physics research over different types of com- 
panies but even constitutes a large fraction of the total popula- 
tion we wish to consider, in that the organizations sampled contri- 
bute nearly one third of all the physics publications from U.S. 
industrial laboratories, and the total output from the companies 
in which these suborganizations reside is about two-thirds of the 
national total. Consequently, our extrapolation will not have to 
be by a large factor. 
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An essential ingredient of the extrapolation to national totals 
is a knowledge of the ratio of physics research publication by the 
units sampled to that from all U.S. industrial organizations. We 
shall assume that this ratio is given by the ratio of numbers of 
research papers in AlP journals. The entries in the third column 
of Table 111.18 give the number of such papers for each category 
of the organizations sampled. Respondents were instructed to in- 
clude only research papers and letters, not abstracts. For compar- 
ison, we have sampled all AIP research journals, the more important 
ones for a two-month period, others for a one-month period, and- 
havi recorded the number of articles of which the first-named author 
was attached to an industrial research organization. The resulting 
figures extrapolate to a yearly total of about 1A70 papers. This 
figure should have a sampling probable error of the order of 5 per- 
cent. 

The figures in Table III. 18 require a slight correction before 
they can be compared with the one just derived. In the estimated 
yearly total, 1A70, each paper is counted but once; each was as- 
signed to the institution of the first-named author, or, equiva- 
iently, each sponsoring institution was assigned a fractional 
weight when there was collaboration between institutions. The 
figures in Table III. 18 undoubtedly have no such fractional weight- 
ing for collaborative efforts. A rough sampling of papers suggests 
that the correction for this effect should amount to about 10 per- 
cent. Accordingly, we estimate that the fraction of the U.S. indus- 
trial research effort in physics accounted for by our sample is 
approximately 

Fraction = = 0.38. <« 

To estimate the distribution of physics publishing activity 
among the types of industrial organizations, we again made use of 
the sample of AIP journals mentioned previously, developing a 
general classification of each performing institution into one of 
the six categories used in the preceding tables or, occasionally, 
•relegating it to an unclassified or unknown category. The results 
appear in the first column of Table III. 19. If, for want of better 
information, we assume that the few companies in the other or un- 
known category resemble the weighted average of the others in such 
respects as fraction of physics work supported by government and 
fraction published, we can infer a set of weights with which the 
six categories we sampled should be combined to give a reasonable 
national average. These weights are shown in the second column of 
Table 111.19; merely for comparison, we show in the penultimate 
column, in parentheses, the distribution of papers in AIP journals 
from the units in our sample, that is, the ratios of the third 
line of Table III. 18 to the total in the final column. The general 
resemblance of these to the numbers in the column showing weight 
factors justifies the statement that our sample is fairly repre- 
sentative of the distribution of physics research among different 
types of companies. 
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TABLE III. 19 Contributions of Different Types of Industries to 
Physics Publication and Support of Published Research 



^Million Contri- 
bution to Fund- 





Papers in 




Fraction of 


ing from Re- 




an AIP 


Weight 


AIP Papers in 


sources of Sara- 


Type of 


Journal 


Factor 


Sampled Or- 


pled Organiza- 


Industry 


Sample 


Adopted ganizations 


Cions [Eq. (2)] 


Connnunication and 


lOA 


0.37 


(0.A7) 


16.3 


electronic data 










processing 










Other electronic 


59 


0.22 


(0.26) 


10.9 


Optical or other 


26 


0.10 


(0.03) 


0.6 


instrumentation 










Aircraft and 


39 


O.IA 


(0.12) 


3.2 


space 










Chemical and met- 


33 


0.12 


(O.OA) 


2.0 


allurgical 










Misc. manufactur- 


10 


0.05 


(0.09) 


3.0 


ing 










Other or unknown 


22 








TOTAL 


293 


1.00 


(1.00) 


36.0 



We shall try to estimate the support of physics research from 
company funds by first estimating the amounC of such support for 
each category of units in our sample and then combining these with 
suitable weights. For a crude first approximation, one could ig- 
nore the differences between different types of industries and 
take the expenditure for our whole sample allocable to published 
research and divide it by the ratio (2). But to get the first of 
these quantities we must make allowance for all works not being 
destined for publication and for support of some work from govern- 
ment funds. Thus for any organization or group of organizations we 
have 

^ ^ company expenditure allocable 
to published physics research 

^ '^ph^ph-'^Pub^owa, 

where c^^i the cost of work per physicist staff member, that is 
to say, the product of the two top rows of Table III. 17, NpYi is 
the number of physicists, /"p^b is the fraction of physics work pub- 
lished, and Fown is the fraction of work supported from company 
funds. In writing this equation we assume that the last fraction 
is about the same for physics as for other kinds of work of the 
organizational units sampled. With an average of about $60,000 for 
cTpj^. 0.75 for /pub* 0.85 for Fown» S^t about §A0 million 

for the quantity (3) for our entire sample. Dividing by the 0.38 
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of Eq. (2) gives a roughly estimated national expenditure of 
$105 million annually of industrial funds for publishable physics 
research. 

A more refined calculation would evaluate Eq. (2) separately 
for each category I of organizations in our sample and combine 
these according to the formula 

national expenditure of industrial funds 
US ~ allocable to published physics research 

= 1.1 P„^(AIP) ^S^Wj. — J. » 

.US I P_(AIP) W 

I 

where Wj is the weight factor given in Table III. 19, Pj(AIP) is 
the number of AIP papers from category I (third row of Table 
III. 18), Pus (AIP) = 1A70 is the estimate given for the number of 
papers published annually in AIP journals from U.S. industrial 
organizations, and the factor 1.1 is the multiple authorship cor- 
rection we have already used in deriving Eq. (2). The result is 
close to the rough estimate of the preceding paragraph: 

^US ° million (5) 

for the one-year period, mid-1969 to mid-1970. The Ej values used 
in this calculation are given in the last column of Table III. 19. 

III. 3. A CRITICAL COMMENTARY 

There are several possibilities for systematic errors in this 
estimate, though we hope that none are catastrophically large. 
We have mentioned the assumption that the fraction pQwn given in 
Table III. 16 is applicable to the physics portion of the work. 
Another question concerns the assumption that the costs of physics 
work can be estimated from the top rows of Table III. 17 and the 
fraction of the staff who are identified as working as physicists. 
As we shall see in Section IV. 1.3, many papers whose content is 
clearly physics are produced by persons who identify primarily 
with some other discipline. There is a compensating effect in 
that some of the work published by physicists may pertain to a 
nonphysics discipline; moreover, that our questionnaire referred 
to people working as physicists helps to reduce the overlap ef- 
fect. The alternative assumption that the funds expended by the 
organizational units sampled were distributed between physics and 
nonphysics in proportion to the amounts of physics and nonphysics 
publication undoubtedly greatly overestimates the expenditure on 
physics. If one assumes the ratio of AIP publications to total 
publications in physics as about 0.6, this approach would lead to 
an expenditure on physics about half again as great as that which 
we have derived. In view of the higher rate of publication in 
physics than in the more applied disciplines, this discrepancy is 
by no means unreasonable. Thus we believe that the value given in 
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Eq. (5), although it may be a slight underestimate, is probably a 
fairly realistic figure. 

The fraction of physics costs supported from government sources 
is appreciable: The weighted average of the entries in Table 
nr. 17 is about 0.15. It is interesting to compare this ratio with 
the ratio of papers from industrial performers acknowledging gov- 
ernment support to those acknowledging no such support. The latter 
ratio can be obtained from Tables III.l, III. A, III. 5, and III. 6 
and is about 0.19. This amount may be a slight underestimate, for 
it refers only to the three leading government agencies (that is, 
leading in the support of physics research). The difference be- 
tween the two figures is not unreasonable, for government support 
often is only partial, and the more expensive projects are more 
likely to be undertaken with such support. 

Support of work in industrial laboratories from sources other 
than the company or the federal government seems to be negligible. 

We must reiterate that the organizations surveyed were selected 
to be representative of the greater portion of physics research in 
industry leading to publication; chey were undoubtedly not typical 
of the total employment of physicists in industry. As an example 
of a difference, 72 percent of the physicists in the survey have 
a PhD degree, but only 39 percent of the physicists employed by 
industry have a PhD, according to the National Register. Again, 
the growth of physics staff from 1960-1968 and its recession from 
1968-1971, shown for our sample by the entries in the lower rows 
of Table 111.16, differ slightly from the statistics on the na- 
tionwide employment of physicists in industry obtained from the 
National Register*: The PhD»s employed in industry, whose number 
might be expected to correlate with the total staffs of the re- 
search-oriented organizations, appear to have increased monotoni- 
cally, according to the National Register, and more rapidly in the 
last decade than the figures in Table III. 16 indicate. 

We have searched for correlations between the answers to vari- 
ous questions by the respondents in our sample. A number of cor- 
relations emerge in a least-squares analysis at better than a 95 
percent significance level, although their relationship to cause 
and effect is not always clear: 

1. The cost per professional increases appreciably with in- 
creasing fraction of the professionals who are PhD's and decreases 
slightly with increasing size of the organization. 

Z. The ratio of cost per professional for physics to that 
for other work is less the higher the fraction of physicists who 
are theorists; an experimental physicist seems to cost slightly 
more than an average professional, a theoretical physicist only 
about 70 percent as much. 

3, Physicists seem to be more heavily supported by the govern- 
mont'than other professionals and non-PhD physicists much more so. 

A. The fraction of physics research published correlates posi- 
tively with both the fraction of physicists who are PhD^s and the 



"^Americccn Science Manpower (National Science Foundation, biennial). 
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frac«:ion of government-supported research. 

^y. The total number of publications of an organization (in all 
fields) correlates strongly with the number of PhD physicists. The 
number of papers in AIP journals per PhD physicist correlates neg- 
atively with the number of non-AIP physicists. 



III. 4 Physics Research Support from University Funds 



III. A. 1 INTRODUCTION 

Although everyone knows that some portion of the research done in 
U.S. universities is supported from the resources of the universities, 
there have been only guesses as to the amount of this support. To 
obtain a quantitative estimate, the Data Panel sought the coopera- 
tion of a number of university physics departments in filling out a 
rather detailed questionnaire about cfepartmental research activities. 
As a by-product, some ixif ormation about purely educational matters 
was collected also. 

Being aware of the excessive demands on university departments 
for the completion of questionnaires and of the difficulty of get- 
ting prompt and uniform responses to questionnaires distributed in 
an -tmp-etponal way, we decided to sample only a small number of in- 
stitutions in which we had close personal contacts. This procedure 
led immediately to the problem of taking adequate account of the 
diversity of types of universities. Probably the most important 
difference is between the major research institutions «itid' those in 
which research is less prominent, either in volume or intensity. 
We distributed our sample over three ranges of size and, within 
each size range, over two levels of distinction, measured by the 
often-cited "Cartter ratings."* The following six groupings re- 
sulted . 

1. A, Faculty size ^50, or among the top ten universities in 
volume of physics publication, Cartter rating "distinguished" or 
"strong. " 

2. B, Faculty size >. 50, Cartter rating not "distinguished" or 
"strong." 

3. C, Faculty size between 30 and 50, Cartter rating "good" or • 
above, not in group A. 

4. D, Faculty size between 30 and 50, Cartter rating below 
"Good." 

5. E, Faculty size 30 or below, Cartter rating given. 

6. F, Faculty size below 30, no Cartter rating given. 

Non-PhD-granting institutions were not sampled, because studies of 
publication patterns (see Figure III. 11) have shown that these 
account for no more than a few percent of research publication in 

*Cartter, A. An Assessment of Quality in Graduate Education. 
Washington*, D.C. : American Council on Education, 1966. 
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physics (although, curiously, for a somewhat higher fraction of 
abstracts in the Bulletin of the kmevlcan Biyaical Society). We 
requested completipn of questionnaires from two institutions of 
each of the six types, except A. B. and D. from which we sought 
four. one. and one. respectively. Eight of the 12 were returned. 
The composition of the sample was as follows: A. 3; B. l; L. i. 
D. 0; E. 2; and F. 1. ^ , . 

The design of the questionnaire reflected our desire to ask for 
information that would be reasonably easily and unambiguously avail- 
able in most departmental records and. at the same time, relevant to 
our concerns. Although we consulted several present or past chairmen 
of physics departments before crystallizing it. the questionnaire 
finally adopted achieved these goals only imperfectly. The philos- 
ophy was to divide support of research into three categories: first, 
faculty time (including overhead); second, equipment, nonfaculty 
staff, and miscellaneous items; and third, space. Although a few 
institutions keep records of the distribution of faculty time among 
different kinds of activities, such as teaching and research, most 
do not- therefore we requested information only on number of faculty 
at each rank taking part in research . class-contact hours for them, 
and amount of their time for which outside support f ^^^^^^^ . 
By combininf, these data with information on time actually spent in 
research from two or three institutions, we hoped to get Pl^^^ible 
estimates for the others. University support for equipment and non- 
faculty staff we hoped to estimate by ascertaining the difference 
in total costs for these purposes and support received; unfortunately, 
incompleteness and ambiguity in the data rendered these sources of 
information highly questionable. In regard to space, we requested 
information on the amount of space used for research and on the 
fraction of building construction costs that came from university 
funds. Questions also were included on number of publications, 
changes in costs in the last two years, numbers of graduate and 
undergraduate students, and instructional effort devoted to non- 
science manors, teachers, and others. 

The respons;s were of variable quality, as analyses in subsequent 

sections will show. 



111. 4. 2 RAW DATA 

Table III. 20 shows the principal data received from the eight re- 
sponding physics departments, totaled for the different subfields 
of physics. The data are not complete; in a few cases appropriate 
entries have been estimated from other sources and these are identi- 
fied in the footnotes to the table. 

Table III. 21 presents the data by subfield and summed over the 
responding universities. The reader should note that some data are 
for all eight universities, some for seven, some for only four. 

111. 4. 3 CORRELATIONS IN THE DATA 

The contribution of universities to the support of research, our 

major concern, comes in large part from support of the time faculty 

members devote to research. Our first task was to estimate this 
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time. Since the productive output for which universities are sup- 
ported consists almost entirely of research and teaching (with a 
broad interpretation of both), one should count as time devoted to 
research not only time spent in the direct performance of research 
but also an appropriate fraction of time spent on departmental admin- 
istration, service to the scientific community, and like activities. 
Unfortunately, most university departments keep no records of how 
their faculties distribute their time among teaching, research, ad- 
ministration, and other activities. However, in the course of pre- 
paring our questionnaire, we learned of a few universities that 
keep such records and decided to estimate faculty time allocable to 



TABLE III. 20 Characteristics of Physics Research at Selected 
Universities 

Type of InscUuCion and InsclCudon Number (In parenchestis) 



Types of Data Collected 


A (1) 


A (2) 


A (3) 


B (4) 


C (5) 


E (6) 


E 


(7) 


F (8) 


Carccer racing^ 


D 


S 


S 


C 


G 


A 


G 






Faculty In research 


97 


38 


77 


50.2 


37.7 


24 


22 




16.6 


Nonfaculcy staff 


•> 

' 6.0'' 
71 


? 


100 


12 


10.5 


4 


13 




3.7 


Average class-canCdCL 
h/wk. per faculty 
In research 

f 

Publications In year-' 


84^ 


2.93 
li7 


2.55 
108 


2.64 


5.75 
40 


2.60 
31 


5.18 
41 


No. of publications 

without outside support 


1 






1 




q 








Support from outside^ 
(In $ millions) 




2.57 


5.20 


2.64 






0.76 




Man->months faculty time 
supported from outside 


5?5 


88 


251 


156 


164 


60 


47 


.5 


13.5 


Sq ft used for research*' 
(In thousands) 


138.5 


46. 2 


116.3 


67.0 


60.0 


12.3 


63 


.0 


16.1 


Fraction of plant cost 
from outside 




0.14 


0.25 


0.05 


0.35 


0 


0 


.375 


0 


No. undergrad. majors 


366 


217 


60 


226 


82 


90 


22 




168 


No. graduate students 




171 


165 


190 


123 


90 


72 




72 


Fraction of teaching for 
nonsclance majors^ 


0.05 


0.2- 
0.4 


0.15 


0,23 


0.35 




0. 


.15 


0,20 


Overhead factor^ 


0.5A 


0.47^ 


0.45 


0,57 


0.46 


-0.70'' 


0< 


.36 


0.49 



D - distinguished; S - strong; G - good; A - adequate plus, 

^Defined as ranks professor through Instructor; research associates, etc. excluded. "In re- 
search" refers to those with any current research activity, a category comprising from 68 to 
88 percent of the total faculty for the lnstit.jtt3,ons sampled. 

^Temporary and permanent PhD-level staff in residence and active in research, not already 
counted in the line above. Some respondents seem to have misunderstood this question. 
^Probably not correct— exactly the same for every rank and subfield. 

^Perhaps with a slightly different definition from that for the other Institutions. 

f 

■^Research papers and letters. 

^Approximate number from the Source Index of the Science Citation Index, 

From number of papers on which a department member was an author divided by average number of 
authors for U.S. physics papers. 

^Nonfederal funds were 0.001 of total. 

*^Usually net (assignable space), rather than gross. 

"^Usually measured in terms of student credit hours. 

Not including employee benefits (of the order of 0,15 of salaries). 

"'On-campus work only. 

'^Obtained by subtracting estimated benefits from a total presumably including these. 
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research for all universities by combining detailed data for these 
few universities with data on teaching loads from all, the expecta- 
tion being that it would be possible to establish a plausible in- 
verse correlation of time spent on research with teaching loads. 
Our success in this endeavor wn*? only partial, as the university 
having the mosr detailed inCormation did not return our question- 
naire . 

Let us consider first the extent to which teaching loads appear 
to be correlated wich other factors of interest. Figure III. 3 
shows the sort of plot we would like to construct, depicting the 
fraction of faculty time allocable to research effort as a function 
of the average number of class-contact hours per week per faculty 
member. The two points plotted represent time spent in actual per- 
formance of research, as estimated for faculty of universities 5 
(rough estimate only) and 8 of Table 111.20. Because a certain 
fraction of administrative and other time is really allocable to 
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FIGURE III. 3 Correlation of fraction of faculty time spent on 
research with average class-contact hours per week. Both figures 
represent averages over all parts of the year during which the 
faculty numbers in question were on campus. The shaded region, to 
be reproduced in Figure III. A, represents the range within which 
we believe that the average relation is fairly sure to lie. 
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research, these points provide rough lower limits for time spent on 
research. Common sense and general experience also provide some 
guides to how the curve should be drawn. For example, it is gen- 
erally conceded that approximately 12 contact hours per week research 
simply disappear. On the other hand, low numbers of class-contact 
hours of course imply high concentration on research but do not 
mean that essentially all faculty time is allocable to research (as 
it could be in a noneducational research institution), for some will 
be devoted to administrative problems concerning graduate students 
and to nonclass educational activities for them. From data on such 
activities provided by one institution, we estimate that the extrap- 
olation of the curve to the vertical axis should not have an ordi- 
nate higher than about 0.8. Combining these considerations with the 
two points shown, we have estimated rough upper and lower bounds 
for the fraction of time allocable to research, as shown by the 
two straight lines in the figure. The proper curve would undoubt- 
edly not be a straight line, but we have not attempted to introduce 
this refinement into the bounds. 

What is important, of course, is the difference between this 
time allocable to research and the amount of faculty time supported 
by funds from outside sources. In Figure III. A, faculty time sup- 
ported by outside funds is plotted against class-contact hours for 
the seven universities for which reliable teaching data were avail- 
able. Reproduced on the same plot are the upper and lower bounds 
to tocal time allocable to research, which were drawn in Figure 
III. 3. The uncertainty in the difference— the university-supported 
time— is considerable and will be reflected in the estimates made 

in Section III. A. A. , j j 

In connection with the plots in Figures III. 3 and III. A, it is 
interesting to see to what extent teaching loads are correlated 
with other variables. One might expect, for example, that there 
would be a significant inverse correlation with number of publica- 
tions per faculty member. Such a finding was not true of our 
sample, as Figure III. 5 shows. A plot of publications per PhD staff 
member in research (faculty plus nonf acuity) shows no correlation; 
one is tempted to conclude that at institutions with a less favor- 
able climate for research the staff members choose problems that 
will require less expenditure of time to produce a publication. 
Another factor could be that some of these institutions have a 
higher ratio of graduate students to faculty than the institutions 
with lower teaching loads. The relevance of this factor is shown 
by Figure III. 6, which depicts a positive correlation of publica- 
tion rate with the ratio of graduate students to faculty. 

The Cartter rating seems to correlate significantly with a 
number of variables. These include teaching loads (Figure III. 7), 
publication rate (Figure III. 8), and per capita costs and funding 
(Figure III. 9). 

Figure III. 10 shows the distribution of what might be called the 
intensity of support among different subfields. The upper part of 
the figure, which is more meaningful than the lower because it is 
based on data from all eight institutions, shows the variation among 
subfields in the fraction of time of faculty members active in 
research that was supported from sources outside the university. . 
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FIGURE III. 4 Points: man-years of faculty time supported from 
sources outside the university, per faculty member in research, for 
each of seven universities, plotted as a function of average class- 
contact hours per week for these same faculty members. Shaded strip: 
range of probable fractions of time allocable to research, from 
Figure III. 3 The distances of the points below the upper and lower 
boundaries of the shaded region thus represent university contribu- 
tions to the support of research via faculty time, per faculty member. 
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FIGURE ITT. 5 Illustration of the lack of correlation between number 
of research publications per year per faculty member and average 
class-contact hours per week. Points represent universities 3 
through 8 of Table III. 20. 
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FICURK tn.6 Correlation of publications per year per staff member 
(faculty or nonfaculty PhD level) in research with number of grad- 
uate students per faculty member in research. Points for univer- 
sities 3 to 8 of Table III. 20. 

This amount might be regarded as a measure of the intensity with 
which research in the various subfields is pursued, plus the ease 
of getting support. The lower part of the figure, based on data 
from only four universities, shows the distribution in amount of 
dollar support per staff member (faculty and nonfaculty). This dis- 
tribution presumably depends on both the intensity with which re- 
search is pursued and the costliness of research in different sub- 
fields. Because of the rather large statistical fluctuations in 
the data, items other than those represented by bars of reasonable 
length (proportional to number of faculty or staff members, respec- 
tively, involved in the average) should be viewed with caution. 
Nuclear; atomic, molecular, and electron; and elementary-particle 
physics rank high in time supported, but nuclear physics is much 
higher than these other two subfields in dollars per person, pre- 
sumably because most of the elementary-particle physicists in uni- 
versities are theorists and because experimental work in atomic, 
molecular, and electron physics is less expensive. Physics in 
biology ranks especially low in both parts of the figure. 

Outside support from sources other than the federal government 
was negligible in our sample, amounting to about $12,300 for the 
four universities giving full support data, compared with a total, 
support of $11.2 million. This number, however, is based on only 
two orojects,' and it appears low in comparison with an earlier 
analysis of sources of research support cited in journal articles,* 
which showed 1A.5 acknowledgments of nongovernment, nonuniversity 
support compared with 558.5 acknowledgments of government support. 

^Performed by Panel member R..W. Keyes , 12/22/70. 

Physvcs Manpower 1969» New York, N.Y. : American Institute of 
Physics, 1969 (pp. 26, A7). 
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FIGURE III. 8 Correlation (negative) of publication rate with 
Cartter rating, for universities 1 and 3 to 8 of Table III. 20. 
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FIGURE III. 9 Correlation of Cartter rating with outside support 
per faculty in research (circles) and nonsalary cost of research 
(crosses). Circles for universities 2,3,4, and 7 of Table III. 20 
crosses for 2 to 5, 7 and 8. 
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FIGURE III. 10 Subfield distribution of average man-months of out- 
side faculty salary support (top half, points for eight universities) 
and average dollar support per faculty member (lower half, points 
for four universities). Horizontal bars have ordinates representing 
weighted averages over all institutions and lengths proportional to 
total number of faculty members involved. 

As indicated in Table III. 20, the ratio of undergraduate majors 
to graduate students varied among the institutions sampled from 0.3 
to 2.3, with an overall average of about one. Although our sample 
included only PhD-gi^anting institutions, this ratio is almost rU - 
same as the ratio of national totals of undergraduate majors a , 
graduate students in physics.*^ 

Table III. 20 also shows that approximately one fifth of the 
teaching effort (in student hours) in the departments sampled is 
directed toward students whose major fields are or will be other 
than science or engineering. A small fraction of the undergraduates 
who do not go on to graduate work, and a majority of the graduate 
students, is destined sooner or later to become teachers; however, 
only a few of the institutions sampled devoted any specific teaching 
effort in the physics departments to instructing graduate students 
in the art of teaching. 

Estimates of the change, in the past two years, in university 
funds explicitly expended for research varied from departinent to 
department, from a decrease of 10 percent (contraction of department) 
to an increase of 20 percent. A rough weighted average of all in- 
stitutions would yield an increase of about 7 percent. 
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in. 4. 4 ESTIMATKS OK THK AMOUNT OF RESEARCH SUPPORT CONTRIBUTED BY 
THE UNIVERSITIES 

In attempting to draw conclusions about all phyailsa research in U.S. 
academic institutions on the basis of our sample, we must consider 
first how representative it is and what fraction of UiS. academic 
physics it represents. In regard to representativeness, Figure 
III. 11 compares the relative volume of published material in the 





A B C 0 E F NON 

PhD 

SIZE* LAROE MEDIUM SMALL 

PRESTIOE- HIGHER LOWER HIGHER LOWER HIGHER LOWER 

FIGURE TII.ll Distribution of physics research papers over dif- 
ferent types of U.S. academic institutions. The categories A to F 
are those described in Section III. 4.1. The broad bars show the 
fraction of U.S. academic papers in the 1967 Phyaiaal tieview orig- 
inating from each of these six types of institutions and from non- 
PhD-granting institutions. The narrow bars show the distribution 
of total publications over the eight departments of our sample. 



six categories of our sample with the relative volume from each of 
these categories in the 1967 Physical Review, A seventh category, 
non-PhD institutions, is included in the Physical Review data for 
completeness. Our sample is about right for the small institutions 
taken together (E and F, tha non-PhD category being negligible) , is 
a little high for the large institutions (A and B) , and is defi- 
cient in the medium-sized institutions (C and D). However, Its 
composition is fairly representative, and any errors resulting from 
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Its aiHtr Unit lull ;U'i» prol>.ibly much luss ih.in olUnv unci»rtaintlos In 
tllo untlmatius Lluu we will drvclop. 

BecaiiMo tlu? tlata from Institution L were duflclcMU or unrcimon- 
ablv in Hevcral roHpects nnd our aampLe waa sU^htLy ovorwelRhted 
In CaLeRory A, wo shal 1 make our oHtimatcH of university tundlng 
on thu basts Llio otiier sc!Vt»n I ns 1 1 tuM ons , aHsumln^\ them to con- 
stitute a properly distributed sample of all law 1 1 tut Ions . There 
are at least three possibU' moasures for the size of tills sample: 
One can compare the samph» wit.h all. U.S. aead(MnIc Institutions In 
regard to volume of publication, number of graduate students, or 
iiutiiber of doctoral de>;roes granted. The results of such compari- 
sons appear in Table 111.22. With due regard for the caveats in 



TABM: lir.22 ApproKlm ite Kangc of Support (in millions of dollars) 
of I'hysics Rosea roll by U.S. Academic institutions through Loaded 
Kaeuliy Salaries In the Academic Year lOb 8-1969 



Fraction of Faculty Research Time 
Fraction nt Ai-adiMnlc University Supported 

Work Assumed Samph'd " 

RanRc Mean 



0. 1 3b - 0. 337 0.257 

0.053 12. b - 28. S 28.8 

0.0b85 (mean 5 IA.8 - 3A . 0 2A.A 

0.079 17.1 - 39.2 28.1 



the figures for the upper extreme of the ranges indicated, we shall 
assume that the seven institutions account for a fraction of the 
support of physics research by U.S. academic sources amounting to 
between $0,058 million and $0,079 million in academic year 1968-1969. 

Consider first the support contributed through the time that 
faculty members devote to research. If we take the distance of 
each point in Figure TELA below the upper and lower boundaries, 
respectively, of the shaded region, weight by the number of faculty 
members involved, and average for the seven institutions, we obtain 
a fraction of faculty time allocable to research and supported by 
universities in the range 0.156 to 0.357. The corresponding esti- 
mates of university-supported faculty man-years of research are 
Al.A and 97.7, respectively. With a mean overhead factor for 
these universities of about 0.5 (see Table IEI.20) and a mean 12- 
month salary of about $16,000, we estimate this university con- 
tribution at about $24,000 per man-year; thus, the effective cort- 
tribution of these seven universities through support of faculty 
time was, according to our estimates, in the range $993,000 to 
$2,272 million. Combining these bounds with the estimates given in 
the preceding paragraph, we obtain the estimates shown in Table 
III. 22 for that part of the contribution of U.S. universities to 
the support of physics research in 1969 associated with their 
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support: of loaded faculcy salaries. Thus we estimate this contribu- 
tion at about $24 million, with an iiccuracy that should be within a 
factor of 2 in either direction. 

The second of the categories of support mentioned in the Intro- 
duction, equipment and non fncully staff, is much less amenable to 
quantitative assessment but seems likely to constitute an amount 
considerably smaller than the other two categories, space and fac- 
ulty time. Our original hope had been to estimate this quantity by 
finding the difference between the figures provided for (a) non- 
salary cost of research and outside support received and (b) that 
part allocable to faculty-salary support. Unfortunately, not all 
the departments supplied these figures, and some of those that did 
mis interpre tUil the question, with the result that the quantities 
to be subtracted were not comparable. A more promising approach is 
to look at a sample of papers in the literature (see Section III. I) 
and note the frequency and characteristics of papers originating in 
universities and not acknowledging support from nonuniversity 
sources. In tlie sample studied, about 2A percent of the articles; 
originating in universities appealed tij liave only university support 
This fi^,ure is higher than that suggested by the sketchy data in 
Table ItI.i-0 and also higher than that found in a more recent study 
of a smaller sample; there tore, it rr..iy have included a number of 
papers with outside support that the authors failed to acknowledge. 
In this more recent sample, we found that the names of the authors 
of papers without outside support were more often those of faculty 
members than was true of the supported papers, and there was a pre- 
dominance of theoretical over experimental papers. Although the 
aonf 'ulty authors are o T.jsionally senior research associates and 
tlie like, probably the v«. -t majority of them is graduate students 
or pos tdoctorals , these categories being represented in comparable 
numbers. \ rough estimate of the mean salary of tliese authors 
would b ? about $6000 per year. Overhead for them should be less 
than for i'aculty members (for example, smaller offices) but not as 
much less as the bare salaries; we shall assume a mean value of 
$5000 per year. If we assume that the average paper without outside 
support requires an amount of nonf acuity time of tlie order of two 
thirds the amount of faculty time involved in the average of all 
papers , we have 



(total non faculty clme 
without outside support) ^ 
(total faculty time 
[supported or not]) 



0.24 X "I = 0. 16. (6) 



(university support through 

nonfaculty time) ~ 0 16 ^ — 

(university - outside * 24 = 0.073. 

support through faculty 

time) 



This amount is much smaller than our earlier estimate >. f the frac- 
tion of faculty research time that is university supported (0.83 to 
0.59). Probably some of the nonfaculty time spent on projects that 
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have outside support is not fully covered by this support; however, 
all indications are that the university-supported portion of such 
time is much less than for faculty members, and as the loaded salary 
rate is less than half that for faculty members, we cannot escape 
the conclusion that this category of university support is much 
smaller than that provided through faculty time. 

There is some further evidence, although sketchy, that supports 
this conclusion. For example, about 0.18 of the beyond-second-year 
graduate student population is supported by teaching assistantships .'^ 
These are probably the main source of university support of such 
students. The number of graduate students past the second year is 
about half the total number* or almost twice the number of faculty, 
active in research (Table III. 20). If the research involvement of 
graduate students with teaching fellowships is assumed to be some- 
what less intense than that of other students at the same level, say, 
about equal to that of faculty members, one gets an estimate for 
the graduate student part of the left of Eq. (6) of the order of 
twice the value given there. This amount is not large, as the 
salary factor for these students will be smaller than is assuraec' 
in Eq. (7). Yet another source of information is the data. on PhD- 
level nonfarulty staff provided by our sample. About 0;17 of this 
stafr time was university supported, of which no more than 0.01 was 
attributable to classroom teaching. Thus the contribution of this 
doctoral-level staff to the left of Eq. (6) would be only 0.16 times 
the ratio of time spent on research by these staff members to that 
spent by f^^-ulty, a number doubtless considerably less than 1 (see 
Table III.ZO) . ... 

We consider last the resources contributed by universities in 
support of research through plant construction. To develop an esti- 
mate one must decide on a way of converting capital investment in 
the past into equivalent current expenditure. Suppose a building 
that would cost C^^^ dolJars to reproduce today was constructed at 
time At in the past, costing C dollars at that time. We shall 
assume 

C = e-"^*. (8) 

If these C dollars had remained in the university's endowment, with 
the income spent each year, the income foregone each year would be 

yc, where for a reasonably conservative investment policy 3 » O.OA. 

^Por a large number of institutions i we therefore have 

Income foregone = d < e ■> i^u^ , k^j 

where the angular brackets imply an average over all the At^'s, 
weighted in proportion to their C^^^^'s, in other words, with each 
yearly unit of At having a weight propor tion^il to the dollar value 
of construction in that year. This we assume to be given by 



"Physias Manpower 1969, New York: N.Y.: American Institute of 
Physics, 1969 (p. A9) . 
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weight 



(10) 



Combining Eqs, (9) and (10) we get 



Income foregone = 



(0) 



(11) 



A further intangible but economically real factor should probably 
be added: The money invested in a building is not liquid and its 
un/jvailability hampers the economic freedom of the institution. We 
shall rather arbitrarily assume that this effect can be taken into 
account by adding about 0.01 to the 0 in Eqs. (1) and (11) ; this is 
roughly equivalent to a policy of amortizing the investment over 
about one century. The value of a can reasonably be taken from the 
average increase in construction costs over the past 15 years, 
namely, a = O.OA per year. Gamma can be estimated either by sub- 
tracting a from the average rate of increase of funds for physics 
In the United States, which, from Figure X, 3 of Volume I of 
Physics in PerspectiVGy was approximately 0.13 per year, or, alter- 
natively, can be set roughly equal to the rate of growth of PhD- 
level manpower in U.S. universities, which, from Table XII. 9 of the 
same volume, has been about 0.10. Averaging these two estimates 
and taking our sample of seven universities as representative of 
between 0.058 and 0.079 of the U.S. academic enterprise, we get 



for the academic year 1968-1969. We have used a value $75 for 
the cost per square foot of assignable space, about 1.5 times the 
cost per square foot of growth space; the figure, 310,700 square 
feet, is just the sum of the products of square feet by fraction 
of cost from university funds, using the entries in Table III. 20. 

To summarize our calculations, we estimate that the total con- 
tribution to physics research from U.S. university funds in the 
academic year 1968-1969 was probably a little more than $A0 million, 
over half of it through support of faculty time and most of the 
rest through plant construction. This estimate could easily be too 
small or too large by a sizable fraction of its value. 



Effective contribution of U.S. academic 
institutions to the support of physics 
research, through building construction 



~ 0.05 X 0.095 
0.135 



^ $75 X 310,700 
0.058 to 0.079 



« $10. A million to $1A.1 million 



(12) 
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III. 5 Growth in Costs of Research in Physics 

The cost of research in physics, measured, for example, by dollars 
per professional man-year, has been steadily rising. It is g-eneral- 
ly accepted that this increase is compounded in comparable amounts 
from the general decrease in purchasing power of the dollar and a 
sophistication factor resulting from the increasing complexity of 
equipment required to expand research into new and ever more dif- 
ficult areas. Comments on this sophistication factor appear occa- 
sionally in the reports of the subfield panels, for example, in 
Figure XI. 1 of Volume II, Part B, of Physics in Perspective (costs 
of nuclear magnetic resonance equipment) or in the tables of Chap- 
ter II of Volume It, Part A (listing characteristics of accelera- 
tors throughout the world). Our contribution to this subject will 
be minor, consisting merely of an analysis of some figures issued 
by the AEC* and some estimates of cost escalation obtained in our 
survey of industrial funding (Section III. 3). 

The AKC's Statistical Summary series* annually reports dollar 
expenditures, scientific man-years of effort, and other statistics 
pertaining to various parts of their physical research program. 
For each of the years, 1960-1970, we have compared the reported 
cost for various categories of AEC work with the reported number 
of scientific man-years, a figure that apparently includes facul- 
ty and other types of professional employees but not graduate stu- 
dents, even though they may be paid. We have computed these ratios 
for the categories, high-energy physics, low-energy physics, and 
metallurgy and materials. Metallurgy and materials consists large- 
ly, though by no means entirely, of research in physics of con- 
densed-matter. 

The principal results obtained from the AEC data are presented 
in the two top curves of Figure III. 12. Here, the cost in thou- 
sands of dollars per scientific man-year is plotted against year. 
The AEC Statistical Summaries report expenditures in federally 
funded research centers of the AEC and in . the AEC contract program 
or universities separately. The figures used here for universities 
represent the total program expenditure not just the AEC contribu- 
tion. The dashed line in each part of the figure, drawn at arbi- 
trary height, shows the behavior of the general price index for 
federal government purchases of goods and services. At the bottom 
of the figure analogous data on changes in cost per man-year for 
research in physics, obtained from the Survey of Industrial Labor- 
atories (Section III. 3), are shown. 

Although the trends in the AEC data are partially obscured by 
large apparently random fluctuations, the steady increase in dol- 
lars per man-year on the average is evident. The straight lines, 
which were fitted to the logarithm of the dollar expenditure per 
man-year by the method of least— squares , have slopes of 3.0 percent 
per year for work in universities and 6.1 percent per year for the 
federally funded research and development centers. The fluctua- 



*/l Statistical Simmry of the Physical Research Program (U.S. 
Atomic Energy Commission, annual). 
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FIGURE III. 12 Top: growth in costs of AEC research programs in 
areas predominantly physics, per scientific man-year, 1960-1970. 
Circles and full line: programs in federally funded research cen- 
ters. Crosses and dashed line: programs in universities. The lines 
in both cases are least-squares fitted through 1969. Middle curve: 
price Index for government purchases. Bottom: research costs per 
scientific man-year for the six categories of industrial labora- 
tory surveyed in Table III. 17. 

tions appear to consist mainly of some kind of budgetary artifact. 
For example, the low cost in the federally funded research and de- 
velopment centers in 1966 results almost entirely from reports from 
both the Cambridge Electron Accelerator and the Princeton-Pennsyl- 
vania Accelerator of 200 more man-years of effort in 1966 than in 
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1965 ov 1967, without nny comparable nnomaly in the reported uota?. 
funding. In general, most f lucutationf^: ir. the cost per maiv-year in 
the figure represent fluctuations in man-years of effort reported 
rather than in dollar expenditures t'^r the Physical Research Pro- 
gram. 

If the various subfielcJs are separated, the flucutations are, 
of course, even nrsre pronounced. J. east-squares fits to the data 
give the venxiit r.^own in Table 111.23. One muct be cautious in 
interp:*ecing there numbers, however. First, chey are i-abject to 
changes in deflnlticns; what is recorded as nuclear physics was 
known as nuclear structure physics earlier in the decade, became 
lov^-energy physics in 1963, and was further Ciffected by the intro- 
ductioj^ of a l-udget line for mt-dium-energy physics in 1966. In 
1966, many of the funds of low-energy physics were apparently al- 
locaced to the medium-energy program without any comparable change 
in manpower, leading to a rather large anoinaly in the cost per 
man-year in nuclear physicc in universiciec from 1965 to 1966. 

The penultimate row of Table III. 23 gives the average rate of 
increase in cost per man-year reported by ovr sample of industrial 
laboratories (Section III . 3) . 

All the figures, even including those from the industrial sur- 
vey, may be somewhat too low to reflect adequately the sophiJ.st ica- 
tion factor, in that all groups undoubtedly suffered a certain 
amount of so called "belt tightening" during the late I960's. 

TABLE III. 23 Rates of Increase (percent per year) in Cost per 
Scientific Man-year in Different Parts of the Atomic Energy Com- 
mission Research Program in Physics (FY 1960-1970) and in U.S. 
Industrial Laboratories 



AEC Category and Location of Work 

Industry FFRDC" University Industry 



AEC Program Category 



High energy 


8.1 


0.8 


Low energy 


3.0 


-0.2 


Metallurgy and 


6. A 


A. A 


materials 






Total of above 


5.8 


2.9 



AEC average 3.8 

Industrial laboratories A. 7 

Price index 2.9 



'Federally funded research and development center 
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IV. 1 Production and Distribution 

IV. 1.1 PROBLEMS OF DISCIPLINE AND SUBFIELD CLASSIFICATION: 
OVERLAPS 

In Section II. 1.1 we discussed the problems of determining who is 
and is not a physicist and assigning physicists to the various 
subfield panels of the Physics Survey. Similar problems arise 
in the enumeration and classification of physics publications* 
in "Dissemination and Use of the Information of Physics,"* for 
example, tables and figures showed the relative proportions of 
the physics literature in different subfields, countries, and 
types of institutions. Construction of these tables required an- 
swering, for each paper sampled, two questions: first, "Is it 
physics?" and if the answer was affirmative then, "To which sub- 
field should it be assigned?" More important, an intelligent un- 
derstanding of the structure and dynamics of the physics enter- 
prise requires a knowledge of the extent to which one subfield 
overlaps another and the extent to which research in physics over- 
laps activinip.s in related disciplines such as chemistry, engi- 
neering, >nd warti sciences. Answers to these questions usually 
have to b/i b.asied cn subjective judgments. However, careful subjec- 
tive j udi'jn:er:ts cau be much better than sloppy ones, and there are 



^Physics in Perspective^ Volume II, Part B, Chapter XIV; condensed 
version in Volume I, Chapter 13. 
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objective methods of getting the answers that, though moderately 
laborious and not necessarily unique, are by no means impossible 
to use and, without excessive labor, can provide at least sp6t 
checks on the correctness of subjective judgments* 

There are a variety of measures of the relatedness of different" 
parts of the scientific literature that, though subjective in that 
they depend on the judgments of individuals, are objective, in the 
sense in which the term is used here, in that they constitute a 
statistical verdict of the entire scientific community. These mea- 
sures are based on citations of one paper by another. Suppose that 
two groups of papers, -t and j, have been selected in any manner. 
As a measure of the relatedness of i to j we may take any of the 
following: 

1. The fraction of the references in papers of group i that are 
to papers of group j, averaged with the fraction of j's references 
that are to papers of i\ 

2. The fraction of the references of i that are also references 
of J, averaged with the fraction of j's references that are shared 
by i (the concept* of bibliographic coupling); 

3. The number of papers in all areas that contain citations to 
both a paper of t and one of j (the cocitation concept^). 

Suppose that the universe of scientific literature we wish to con- 
sider has been divided into a number of groups ^, j, and sup- 
pose for simplicity that each of these groups contains the same 
number of papers. ^This is to avoid having a large group appear es- 
pecially close to Che others simply because of its size.) Then by 
using any of the three criteria— mos t simply the first one-one can 
define the relatedness of t to j by a number c - . with the proper- 
ties 

1 > c.. = a., > (1) 

2 . . - . 



We would like to be able to interpret these numbers geometrical- 
ly by assigning to each group i a point in a space of some dimen- 
sionality and so placing these points that e^j is a universal de- 
creasing function of the distance of point i trora point j. Al- 
though this, of course, can be done only approximately in any small 
number of dimensions, there are mathematical procedures for locat- 
ing the points in a space of any assumed dimensionality in such a 
way as to give the best possible approximation.*^ For our purpose 
it will suffice to consider a simpler problem, that of assigning 

K.essler, M.M. American Documentation^ 14^ 10 (1963); 16, 223 
(1965); Price, D. J. de S. Science, 149, 510 (1965). 

tSmall, H. Joiamal of the American Society for Informatidn Science, 
in press. 

§Kruskal, J. B. Psychometrika, 29, 1 (196A). 
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positions to a number of borderline groups i, relative to other 
groups k whose positions are taken as given. The simplest such 
case would be, for example, one in which one locates the groups 
i on a one-dimensional scale between, say, pure physics (assigned 
coordinate x i. ^ 0) and oure chemistry (assigned coordinate 
X 7-1). Almost as simple would be the assignment of positions 
in a triple overlap area, say, that of atomic physics, condensed 
matter, and optics, with each of these subfields assigned to one 
corner of an equilateral triangle in a two-dimensional space. In 
assigning positions to groups i in the overlap region, we would 
like to make the assignment self-consistent in the sense that the 
position allotted to any given i would be a weighted average of 
the positions allotted to other areas with which it is connected, 
with weights Cij. In other words, we would like to get a solution 
of the equations 

? ^ = X c r . + 7c ? 
? / J\P 0 jL^q^ ct, (3) 

P a 

where p and a now run only over groups in the overlap region, and 
a runs over all the groups whose coordinates we have agreed to fix 
in advance. For the physics-chemistry case, for example, this 
would mean that all areas a considered to be unquestionably physics 
are assigned /^^ = 0, and all those considered to be unquestionably 
chemistry are assigned = 1. In matrix form the solution to Eq. 
(3) can be written 

; = (1 - a^)"V^ /?. 

and the solution is unique as long as the matrix (1 - c") is non- 
singular. Now the series 

1 - a" = 1 - - t?" ^ - • • • 

converges if the matrix is bounded with a bound less than unity. 
And since Eq. (2) is equivalent to 



(6) 



a slight generalization of a familiar argument* shows that is 
indeed so bounded unless there exist groups q, which are not con- 
nected to any of the given groups a by any chain of citation con- 
nections. Barring this possibility then, we can say that any 
given group q is, for example x percent chemistry and (1 ) 
percent physics, or that it is x percent atomic physics, y per- 
cent condensed-matter physics, and (1 - r - 2/) percent optics. 



*Courant, R. , an*^ ' Iliibert, Methods of Mathematical Physics 
(Interscience, .rrk. 1953), Vol. I, p. 19. 
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Although the groups i IhaL we nave been Lalkiug about may be 
composed by any procedure that selects a reasonably coherent group 
of papers— for example, they might be composed by using the finest 
subdivisions of the Physics Abstmcts^ subject classification 
scheme— it is interesting to note that an algorithm for computer 
generation of clusters of closely related papers, based on the 
statistics of citations, has been developed and is rather effec- 
tive*. 

As an example of what can be done with this approach, consider 
the question: Should work, on quantum fluids be considered in the 
province of the Panel on Plasma Physics and Physics of Fluids or 
should it be grouped with solid-state physics in the province of 
the Panel on Physics of Condensed-Matter? A sampling of citations 
in a number of theoretical and experimental papers on quantum flu- 
ids in Physical Peview Letter's and Physical Review A gave the fol- 
lowing distribution for the cited papers: 

Quantum fluids 72 

Other physics of fluids 2 

Solid-state physics 19 

Instrumentation 1 

The Intuitive judgment of the panelists that quantum fluids should 
be grouped with condensed»*matter is confirmed. 

A number of spot checks of this sort were made to verily the 
reiasonableness of the assignment of papers by panelists to various 
disciplines and subfields or to an overlap area. These checks 
generally confirmed the intuitive assignments, although occasional- 
ly they showed the assignment to be wrong. 

Some rough indications of the extent of the overlap among the 
different subfields, the ambiguity in the definition of the bound- 
aries between physics and neighboring disciplines, and the un- 
certainties in each of these two measures can be obtained from the 
results of classification of papers in two samples drawn -from 
Physics Abstracts by a member of the panel. These are presented 
in Tables IV. 1 and IV. 2, respectively. For the sample of Table 
IV. 1, a restricted definition of overlap areas and an inclusive 
definition of physics were used: A physics paper was not assigned 
to an overlap area between two subfields unless it was really dif- 
ficult to decide to which it should be given; similarly, papers 
were considered as physics unless they belonged fairly indisput- 
ably to some other discipline. For the sample in Table IV. 2, in 
contrast, a liberal definition of overlap and a fair definition of 
the boundaries of physics were used: A paper was assigned to an 
overlap area of two or more physics subfields whenever a reasonable 
case could be made for its belonging in each of them; a paper was 
considered as physics only if its relation to the rest of physics 
was judged to be closer than its relation to the more central 



*Price, N. , and S. Schiminovich, Information Storage and Retriev- 
al^ 4^ 111 (1968); Schiminovich, S. Ibid. ^ 6^ A17 (1971). 
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areas of some other discipline such as chemistry or engineering. 
The study depicted in Table TV. 2 was done before the panel decided 
to separate optics and acoustics from the miscellaneous category, 
thus these are grouped together. 

Although most of the subfields show more overlap in Table IV. 2 
than in Table IV. 1, as one would expect, a few do not, and this 
finding must be attributed to statistical fluctuations. From the 
cwo tables together it is evident that the subfields that are most 
nearly self-contained are elementary-particle physics, nuclear 
physics, probably astrophysics and relativity, and condensed^mat- 
ter. For the first three this finding is undoubtedly the result of 
their being so specialized; for condensed-matter , it is probably 
due to the vast size of the subfield. Optics and acoustics appear 
to have large overlaps with other subfields, as does earth and 
planetary physics also. Atomic, molecular, and electron physics 
and plasma physics and physics of fluids have moderately high 
overlap. Among the core subfields, condensed-matter has the larg- 
est absolute overlap into other disciplines simply because of its 
large size, but percentagewise the overlap of atomic, molecular, 
and electron physics into other disciplines (principally chemistry) 
is greater. The data on overlap into nonphysics disciplines are 
much less meaningful, of course, for the peripheral subfields of 
physics, since their coverage in Physics Abstmcts is often incom- 
plete. (This situation is especially true for physics in biology.) 

A different type of measure of the overlap of physics with other 
disciplines can be obtained from the professional self-identifica- 
tion of the authors of physics papers. As we shall see in Section 
IV. 1.3, about half of the authors of papers covered by Physics 
Abstracts identify primarily with a nonphysics discipline even 
though, according to Table IV. 2, 87 percent of the papers so 
covered probably lie on the physics side of a fair boundary. 

IV. 1.2 SAMPLING OF ABSTRACT JOURNALS 

Our objectives in sampling entries in abstract journals were to 
get information about 

1. The distribution of physics publications among subfields; 

2. The geographic distribution of total publication and of 
work in each subfield; 

3. The degree of correlation between the country or region in 
which work is done and the country or region in which it is pub- 
lished; 

A, Changes in time in some of these quantities; 

5. The distribution of U.S. work in the various subfields 
among different types of performing institutions; 

6. Any differences between theoretical and experimental papers 
in regard to the previous five categories. (We classified papers 

•as theoretical when they did not contain any. new experimental re~ 
suits or report the testing cf new experimental techniques.) 

To achieve most of these objectives one needs to know the loca- 
tion of the performing institution and, for U.S. papers, its iden- 
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tity. In Physics Abstracts this information became available only 
in 1969, so our sampling from this source (our most extensive 
sampling project) was confined to this one year. Nuclear Sczence 
Abstracts has recorded the performing institution for a number of 
years; therefore, we studied small samples from this source for 
both 1964 and 1969. 

The principal results from our sampling study of 1969 issues 
of Physics Abstracts have been given previously* and will not be 
repeated. We shall merely recapitulate the ground rules for the 
study and add a couple of supplementary tables. Two physicists (R. 
W. Keyes, C. Herring) performed the sampling, one looking at all 
entries in 13 of the 26 issues for 1969 with numbers ending in 5, 
the other looking at all entries in 16 of the issues with numbers 
ending in 0. Entries not in the category "published research papers 
were discarded. Published research papers were defined as presenta- 
tions of new research results in articles or letters in periodicals 
or books available on the open market; this definition excluded 
theses and reports available only from a research institution, 
agency, or clearinghouse, also patents, reviews, popularizations, 
and abstracts of talks unaccompanied by a text. Each paper not so 
discarded was classified into one of the ten subfields of physics 
corresponding to the panels of the Physics Survey or into a miscel- 
laneous physics category or (in rare cases) as outside physics. 
These judgments were made subjectively by each sampler but accord- 
ing to the guidelines described in Section IV. 1.1. Each paper was 
assigned to a country of origin according to the location of the 
first-named institution in the by-line, except when the institu- 
tion was operated by an international organization, then the 
assignment "international" was used. Papers for which no institu- 
tion was named were distributed statistically among performing 
regions "by noting the location of the publisher of the paper and 
using the correlation found for other papers (or occasionally by 
direct sampling of journals) between region of publication and 
region of performance. For papers from U.S. institutions, the 
institutions were further classified as academic, industrial, 
government in-house laboratories, federally funded research and 
development centers (i.e., national laboratories), or other. 

Table IV. 3 obtained from the Keyes half of the sample, shows 
how publications reporting work performed at various types of U.S. 
institutions were distributed among journals and books published 
in different locations. Journals of the AIP are listed separately 
from other U.S. publications. The AIP journals receive about 5A 
percent of the U.S. work, a fraction that is fairly constant among 
all types of institutions. Note, however, that the definition of 
physics used in this sampling was the inclusive one employed in 
developing Table IV. 1; if the fair definition used in Table IV. 2 
had been used, the AIP percentage undoubtedly would be moderately 
higher. 

* Physics in Perspective, Vol. II, Part B, Tables XIV. 9, XIV. 10, and 
XIV. 11 and Figures XIV. 31 and XIV. 32. 
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TABLE IV. 3 Place of Publication of Physics Papers from Different 
Types of U.S. Institutions 

' ■ — 2j 

Publication in 



Performing 
Institution 



Other U.3 
Total AIP Publica- 
Papers Journal tions 



r ubiicatlons 



U.K. 



Continental 
W. Europe 



Academic 


386 


206 


86 


29 


65 


Industrial 


1A6 


80 


AO 


lA 


12 


Govt, (in-house) 


61 


27 


16 




lA 


laboratory 










15 


Federally funded 


67 


AO 


10 


2 


research and 












development 












center 












Other 


13 


8 


1 


1 


3 


TCn'AL 


673 


361 


153 


50 


109 


PERC ENT 


100 




23 


7 


16 



^Data from sample drawn from Physics Ahstmcts in 1969. 
"^'Articles published in Eastern Europe, Japan, and other rc%ioxM> 
are omitted from this table; according to Table XIV. 9 of 
Volume II, Part B of Physics in Peropeative , these const i tut 
only about 2 percent of the total number of physics papers. 



TABLE IV. A Distribution of Physics Research Papers Among Dif- 
ferent Ty)?s of Performing Institutions 



Sub fields 



Performing 


Total 


AME & 


EP & 




Opt , Acoustic , 




Institution 


Papers 


P&F 


NP 


CM 


Misc 


E&P 


Academic 


389 


82 


76 


135 


A2 


50 


Industrial 


1A8 


17 


A 


96 


22 


9 


Govt, laboratory 














DOD 


2A 


2 


2 


11 


A 


A 


NASA 


13 


1 


1 


2 


2 


7 


Other 


26 


8 


A 


6 


2 


6 


Federally funded 














research and de- 














velopment center 














AEC 


6A 


9 


18 


28 


7 


2 


Other 


6 


0 


0 


1 


1 


A 


Other 


15 


3 


2 


5 


2 


2 


TOTAL 


69A 


122 


107 


28A 


82 


8A 



^Subfield abbreviations used are the same as those identified in 
Table IV. 1, footnote a. 

^Astrophysics and relativity and physics in biology are excluded 
from tne subfield breakdown but included in the total. 
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Table IV. A, also based on tho Keyfts s.imple, gives the distribu- 
tion of U.S. papers among different tyj^es of U.S. performing insti- 
tutions in somewhat more detail than uas given previously.* De- 
s^lte small-number statistics, suoU tvends as the emphasis of 

wnSn. i<irjorcar.urxtsa kjh «£c&4. u»« ,^^^.i>^^^^.-j ^.jys-.— -.im. 

laboratories on condensed-matter ate evident. 

Table IV. 5, based on the sampling of Nuclear Science AbstmctSy 
shows the geographical distribution of nuclear physics work in 
196A compared with 1969. The last column shows, for comparison, the 
distribution obtained from the 1969 sampling of Prr.sice Abstracts, 
This comparison gives a clue to the ro^ iflve cove*:..ge of the two 
abstracting services. In all tables sort, sampling fluctua- 

tions are probably rather larger thf. >r.e v; uld infer from the A*^ 
rule, since the papers are not rece: u andom but in groups 
corresponding to issues of journals .vS. Conferences have an 

especially serious effect, since a large conference, even if inter- 
national, held in country A results in a large burst of papers from 
A's delegation. This effect may partially, though by no means en- 
tirely, explain the spectacular shift in relative positions of 
Frince "^nrt West Germany between 196A and 1969. 

A f.i-,ck of Niiclear Science Abstracts against Referativnyi 
Zhuma'^,y fizibz for 1965 and 1969 indicated *-hat Nuclear Science 
Abstracts misses few Soviet papers that satisfy the criteria that 
we have used for inclusion, probably only a few percent. It seems, 
however, that Nuclear Science Abstracts misses many more of the 
papers in the other countries of Eastern Europe, possibly about 
one third, (Many of the relevant journals are not even on the liiit 
scanned by Nuclear Science Abstracts,) Coverage of Japanese- 
language material in Nuclear Science Abstracts appears to be good. 

IV ,1.3 THE WORLD *S POPULATION OF PUBLISHING PHYSICISTS 
IV. l, 3.1 Goals 

Although there are many sources of information about people who 
might be called physicists-f or example, the files of the National 
Register, membership lists of scientific societies, and data on 
recipients of degrees-^.t is widely recognized that a large propor- 
tion of these people dc not engage in research, at least if this 
activity is defined aft #7crk leading to publication in the archival 
research literature. It would be interesting to know how many 
people there are who engage in this activity, how they are distri- 
buted among the major nations, and something about their produc-' 
tivity. For example, how are they distributed in regard to the 
frequency with which they publish? How extensively is collabora- 
tion involved in their publication? How do these characteristics 
vary with geographic area? 

Although a number of pertinent statistics about publications in 
physics have been collected by the Data Panel and others and are 



*,Physics in Perspective^ Volume II, Part B, Table XIV, 11 and Figure 
XIV, 32, 
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sunnnarized in other volumes of Physics in Perspective such 
counts of papers do not answer all the questions posed in the pre- 
ceding paragraph. They show, for example, that the United States 
currently publishes about one third of the physics research papers 
covered by Physics Abstiucts but leave unanswered the question 
whether the United States might have more than one third of the 
publishing physicists who are less proJuctive than average of less 
than one third who are more productive. 

IV . 1 . 3 . 2 Methodo logy 

The study we report was made on the papers in Physics Abstracts 
for the five years 1965—1969. Its geographic bias thus reflects 
that of Physics Abstracts , and we have not attempted to correct 
for this. Our sample consisted of all names in the following five 
intervals of the alphabet: 

Bacchi to Backhurst (inclusive) 
Edelman to Edmonds (inclusive) 
Kini to Kinzly (inclusive) 
Ovsyuk to Ozawa (inclusive) 
Vasudevan to Vavilov (inclusive) 

All names in any of the 1965-^1969 author indexes that were in any 
of these intervals were recorded, and the total number of papers 
referenced for each such name was tabulated. 

Each name was then assigned to a nation or geographic region. 
To make this assignment, a variety of measures had to be employed. 
Fortunately, many of the names could be found in the publications 
Who Is PUblishirg in Science and International Directory of Re- 
search and Develop m ent Scientists, issued by the Institute for 
Scientific Information. Names for which no address was located in 
these publications were checked against the membership directory 
of the APS, or the author's institution as recorded in Physics 
Abstracts (1969 only)*, Physikalische Berichte, or the title page 
of the original paper. By these and (occasionally) other means, 
national identification was achieved for essentially all names in 
the sample. 

From these data we tabulated the number of authors in the al- 
phabetical intervals sampled who had written one, two, or any num- 
ber, s, of papers in the given five-year period and the number of 
these in each country or region. The relative numbers from the 
different countries will not, of course, be highly reliable, for 
it could well have happened that, for example, the alphabetical 
intervals chosen provided an underrepresentation of Russian 
names or an overrepresentation of those of some other nationality. 
However, as fairly reliable data are already available"^ on the 
national and regional distribution of total papers published, it 
is sufficient if the present study merely supplies reasonably re- 

Volume II, Part B, Chapter XtV; condensed version in Volume I 
ghapter 13. 

TPhyeics in Perspective , Volume II, Part B, Tables XIV. 10a and 
XIV. 10b. 
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liable data on how prolific the authors of different nations are. 
Such data are presumably not sensitive to alphabetical selection, 
diough they are subject to limitations resulting from the small 
size of the sample. 

A much more serious worry in regard to the interpretation of 
the data is the question of how many of the authors should be 
designated physicist. Not only does Physics Abstracts cover a 
moderate amount of material that is closer to chemistry, engine»3r- 
ing, geology, or some other science than to physics, but many 
people who consider their primary professional ;jf.f iliati on to be 
with one of these other disciplines occasionally write pap^M s that 
are well within the scope of physics. A sampling of physics papers 
for a period of years will reveal many authors who do not consider 
themselves physicists. To provide a rough estimate of this effecc, 
the U.S. authors in our sample were checked against the listiln;^r. 
in American Men of Science, The professional identification of 
the authors listed in this publication was recorded. Many of the 
authors in our sample were not so listed, but it is reasonable to 
suppose that the distribution of their professional identifica- 
tions would not be greatly different from that of the others. 



IV. 1.3.3 i?(22J Results 

Table IV. 6 shows the distribution of authors in regard to number 

TABLE IV. 6 Distribution of Authors in the Alphabetical Intervals 
Sampled, by Geographical Location and Number of Papers Contributed 
to the Listings of Physics Abstracts in 1965-1969 

Country No. of Authors Whose ^'4atijes Papers Fraction 



or 


Auth- 


Appeared on 


per 


Total 


of Papers 


Frac- 


Region 


ors 


1 


2 




2:5 papers 


Author 


Papers 


Sampled 


tion^ 


United 


138 


56 


27 


27 


28 


3.03 


A18 


0.36 


0.3A 


States 




















United 


55 


27 


7 


10 


11 


2.82 


155 


0.13 


0.08 


Kingdom 




















Other W. 


68 


3A 


11 


12 


11 


2.71 


18A 


0.16 


0.19 


Europe 




















U.S.S.R. 


35 


20 


1 


9 




3.9A 


138 


0.12 


0.19 


Other E. 


9 


A 


1 


2 


2 


3. A 


31 


0.03 


0.01 


Europe 




















Japan 


36 


10 


6 


9 


11 


4.75 


171 


0.15 


0.06 


Other 


7 


3 


1 


2 


1 


2.1 


15 


0.01 


0.05 


Asia 




















Other 


12 


8 


1 


1 


2 


2.8 


3A 


0.02 


0.06 


World 


360 


162 


55 


79 


71 


3.19 


11A7 


1.00 


1.00 



total 



^-rom Physics in Perspective, Volume II, Part B, Tables XIV. 10a 
Hnd XIV. lOb. 
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TABLfc- tV.7 Professional Self-Identification of U,S. Authors in 
the Physiaa Abst^uots Sample 



Disclpllfie 
or Group of 
Disciplines 



Designations Used 



I'Mp^irs by 
No. of These 
Authors Authors 



Physics 



Fields difficult 
to assign 



Astronomy 



Chemis try 



Metallurgy, etc. 



Biology 

Total, all 
disciplines 



Physics (9); nuclear 2H 101 

physics (4); solid-state 
physics (3) ; physics , 
mathematics (2) ; physics , 
biophysics (2) ; theoret- 
ical physics (2) ; 6 
other combinations con- 
taining the word physics 

Elect rica I engineering , 4 25 
solid-state physics; 
applied mathematics , 
continuum mechanics; 
mechanics , metrology; 
physiological optics; 
vision 

Astronomy (2) ; astron- 4 25 
omy , astrophysics; 
theoretical astrophysics 

Physical chemistry (6); 9 37 
physical and inorganic 
chemistry; chemistry ; 
agricultural chemistry 

Physical metallurgy 6 18 

(2) ; ceramics ; ceramics , 
metallurgy ; physical 
metallurgy , elec tron 
microscopy ; materials 
science , metallurgy 

Zoology; biochemistry; 3 A 

anatomy 

63 227 



^he word_ or words between semicolons are those used by an author 
to describe his field in Ameri^can Men of Science, If more than 
one author used the same words, the number of such authors is in- 
dicated in parentheses. 
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of papers published during the five-year interval and geographic 
areas in which chey were based. It also compares the geographic 
diiJCribuCion of the papers with chat in the more comprehensive 
literature sa:nple. Our sample undercounts "papers from the U.S.S.R 
and overcounts those from the United Kingdom; the numbers from 
och^ir regions are in reasonable agreement. 

Table LV.7 shows the distribution of profess Dnal identifica- 
tions of those U.S. authors who could be located in A m ein.can Men 
of Science, Note that at least half of the authors Identify with 
a discipline outside physics, although these authors, as might be 
expected, contribute a slightly smaller fraction of the total pa- 
pers . 



IV . 1 . 3. 4 Diso vision and Analysis 

Our goal was to find out how many people are engaged in the re- 
search enterprise of physics. Unfortunately, this population is 
far from stationary in time. New people are continually entering 
and many leave. Lt has often been said, in fact, that many authors 
publish only one paper during their lifetime, for example, a thesis. 
We would like if possible Co separate these authors from those with 
a continuing commitment— not necessarily lifelong-to research activ- 
ity. A plausible though far from unique way of making such a sepa- 
ration is suggested by the semilogaritlimic plot in Figure IV. 1. 
Here, the points representing number of authors associated with s 
or more papers in our five-year sample lie reasonably well on a 
straight line for s ^2, but the point for s =.1 lies well above 
the line. Now there is a simple model that would predict a straight 
line for such a plot, namely, one that assumes that each author 
published at random^xires with an average rate r papers per year 
and that the distribution of authors per unit range of v is expo- 
nential : 

n{r)dv = ve . (7) 

Indeed, according to the Poisson distribution, the fraction of 
authors of productivity r who publish s paper.'^ in At years is 

fraction = — ~ 

s . 

Combining Eqs. (7) and (8) we get for the number of authors pub- 
lishing s papers in At years 

,3 - ...xS 



, , Ar r« -or* -rAt , . _ ^^At , . (9) 

.\\^) = — ve e r - o+l 

^' Jo (a + At) 



and the number publishing 8 or more papers is 



«> J \s 



(10) 
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NUMBER OF AUTHORS IN SAMPLE, 
PUBLISHING 5 OR MORE PAPERS IN 5 YEARS ^ 
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FIGURE IV. 1 Semilogarithmic plot of cumulative totals from the 
last line of Table IV. 1, showing the excessive number of one-paper 
authors * 

The form (7> that we have assumed for n(r) is rather arbitrary and 
doubtless less accurate than one more like Locka's law* 



^ 9 

i'/Cs^) s for ht equal to a lifetime 

Q 

or its generalizations, but it is clear :hat the large value for 



*Price, D. J. de S. Little Science, By Science. New York. N.Y. : 
Columbia University Press. 1963. pp. "^2 et seq. 
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8 = 1 must come from a peak in n(r) as very low 2». So we shall 
undertake to analyze our data under the crude assumption that there 
are simply two populations of authors, those who publish once and 
those who publish continuously, the continuously publishing groups 
having a distribution of the form (7) for their rates of publica- 
tion. 

Accordingly, we shall undertake to fit the data of Tabl^ IV. 6 
by assuming that for any particular geographic region the number 
of authors attached to s papers in our sample is given by Eq. (9) 
for s >_ 2, but that for s « 1 it is the sum of Eq. (9) and a term 
cAt. Table IV. 8 shows the results obtained by fitting the three 
parameters V, a, and ^ to the total number of authors, the number 
with two or more papers, and the number with five or more. The 
paramenters so obtained can be used to predict the number asso-. 
ciated with either three or four papers, and this number can be 
compared with the observed number as a check on the model, as we 
>',.'. in the table. 

Comparing the top line of the table with the bottom one, we see 
that the number of transients, or one-paper authors, appearing in 
the five-year period is only a fraction of the population esti- 
mated to be active in research. The active population figure, of 
course, includes an allowance for those authors who are considered 
to be in research but who, through chance or their possession of a 
low publication rate, do not happen to have published any papers 
during the five-year period sampled. (This allowance factor is ob- 
vious, for the entries in the last column of the table are larger 
than the author entries in Table IV. 6.) If one wishes to exclude 
such low publishers from the total considered to be part of the 
research community, one can compute a new total from the same 
model by employing a lower cutoff in the integration on 

The totals for limited sections of the alphabet must still be 
converted into totals for the whole alphabet, and, less trivially, 
the distribution of authors between those who would be designated 
physicists and those who would be associated primarily with some 
other scientific or engineering discipline must be estimated. The 
conversion to the entire alphabet can be made in either of two 



TABLE IV. 8 Fit of World and U.S. Data of Table IV. 6 to the 
Three-Parameter Model Described in Section IV. 1.3.3 



Parameters and 

Associated Quantities World Data U.S. Data 



5 = number of transients 82.1 20.6 

V 792 362.8 
a, years 2. OA 2. 16 

NO) predicted 70 29 

NO) +yV(A), observed 72 27 

Number permanently in 388 l6o 
research = v/a 
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ways: We can compare the number of columns of the author index 
sampled with the total size of this index, or we can compare the 
number of papers associated with names in the sample with the to- 
tal number of papers in Physics Abstracts, The second approach is 
less straightforward, for one must allow for multiple authorship 
of papers. Thus if tl^ authors publish P papers in a given ^interval, 
with an average of ni authors per paper and an average of p papers 
associated witli each author, we have 

Fin = ifp . (1^) 

We can get iV for, say, a given volume of Physics Abstmcts, from 
the number P of papers in it, an estimate of p from Table IV. 6, 
and an estimate of m from some other source. With the estimate 
m = 2.06, obtained from a rather limited sample of articles,* and 
with p = 2.52 from Table IV. 6, we got, for the entire five-year 
period, a total of about 138,000 authors publishing one or more 
papers. The uncertainties entering into this estimate are such 
that it Is only to be regarded as a rough check on the estimate 
obtained from the size of the fraction of the author index that 
was sampled, which was 0,00280 of the alphabet. Dividing this num- 
ber into the total of 360 authors in Table IV. 6 yields a value of 
127,500 for the number of authors contributing items to Physics 
Abstmcts in this five-year period. The agreement between the two 
figures being reasonable, we shall perform all further calcula- 
tions using the assumption that 0.00280 of the entire population 
has been sampled. 

The most plausible way make the division between physicists 
and nonphysicists is simply to add to the total of authors in the 
physics row of Table IV. 7 one half of the total for the next row 
and to consider the other half of this row and all the remaining 
rows as nonphysicists. This procedure gives 32/63 as the physicisu 
component of the sample. One might wonder whether the fraction de- 
termined in this way to be physicists would depend Lin the number 
of papers published, but in the data from which Table IV. 7 was 
prepared such dependence seems to be slight. Oi final estimates 
of the number of persons identifying themselves as physicists and 
with a continuing activity in physics research, as of the average 
tiiue 1967, are obtaiiTed by multiplying the figures in the last 
row of Table IV. 8 by 32/63 (0.00280): 

Number in the world - 70,A00; 

Number in the United States - 30,500. 

These numbers are, of course, quite crude, as the discussion 
of their derivation makes clear. Still, it is impressive that 
they are so large. For example, the U.S. figure may be compared 
with the total of 32,500 physicists in the 1968 National Register, 
a figure one might expect to contain many nonpublishing people, 
or with the unduplicated merrhership of all member societies of the 
AIP, A2,700 in 1967, a number that doubtless not only contains 



"^Physics in Perspective, Volume II, Part B, Chapter XIV, Section 
A. 5. 
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many nonpubl ishing people but also many who Identify primarily 
with another discipline. 

One other feature, evident in Table IV. 6, should be noted: the 
average number of papers associated vtto a given author is much 
higher In Japan (A. 75) than for the world as a whole (3.19). /\1- 
though the Japanese sample wa.s fairly small (36 authors), the 
difference is nearly two and one hnlf standard deviations and 
could well be significant. 

tV.1.4 PHYSICS THESES 

To provide infornuition about physics theses to the Physics Survey 
Committee, the Uata Panel examined all the abstracts In the phys- 
ics section of Disaevtation Abstmc^^tG* from January through June 
1970. The theses represent degrees awarded in 1969. Kach thesis was 
classified according to physics subfield, whether it was experimen- 
tal or theoretical, and size of the PhD program of the university. 

The size classification was based on the list of PhD-awarding^ 
institutions appearing in the March 1969 issue of Physics Today,' 
Any institution listed as awarding 20 or fewer PhD's in the five- 
year period. 1962-1967, was regarded as having a small program; 
those awarding more than 20 PhD's in that period were classified 
as large programs. Physiaa Todzy lists 137 PhD-awarding institu- 
tions, and 67 of these are small programs, so that 20 is about a 
median size for that time interval. About 10 percent of the PhD's 
were awarded by the small programs, according to the list in 
Physic^ - Today. 

The following limitations on data from Dissertation Abstracts 
mus t be no ted : 

1. Not all PhD-granting institutions send their theses to 
DisseHation Abstracts. Four of the large programs and nine of 
the small ones, which were responsible for 11.5 percent of the 
PhD degrees reported by Physics Today are not covered by Disserta- 
tion Abstmcts, Furthermore, not all participating institutions 
send all their theses to Dissertation Abstracts, 

2. Classification by subject field is made by the author 
of the thesis; therefore, it is not certain that all theses 
listed under physics represent work performed for a degree in 
physics. 

The total number of theses in the sample was 597, which can be 
compared with about lAOO PhD's in physics awarded in 1969. Thus, 
total numbers per year can be estimated by multiplying the numbers 
in the sample by 2.3i. Since the sample is for half a year, we as- 
sumed that about 85 percent of all physics theses appear in Disser- 
tation Abstracts* 

The results are summarized in Table IV. 9. The first two columns 
give the number of theses in the sample by subfield and size of 

* Dissertation Hatixiots Inte if uxtio? lal yi^riodical publication of 
University Microfilms, Ann Arbor, Michigan. 
f Physics Todzy, 22(3), A6 (March 1969). 
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tV.9 Production 


of 


Physics Theses in 


1969 






Theses 


In 














Sample 








Percentage 


Percentage 


Percentage 


Sub- 


Large 


Small Est. 


' u 


NRG 


of all 


Theoreti- 


Small Univ. 




Univ, 


Univ. Total 


Total' Physics (%) 


cal(^) 


(%) 


A&R 


5 


3 19 






1.3 


100 


JO 


AME 


37 


17 127 




127 


9 


39 


31 


EP 


64 


16 188 




220 


15 


55 


20 


NP 


80 


16 225 




188 


16 


28 


17 


P&F 


29 


1 70 




85 


5 


67 


3 


P 


22 


1 


54 




6:;. 4 


61 




V 


7 


0 


16 




2A 1.2 


86 




CM 


189 


.57 377 




360 


41 


22 


23 




23 


10 7 7 






6 


39 


30 


PB 


2 


0 5 






0.3 






Opl 


15 


2 40 




16 


3 


6 


12 


Acous t 


9 


I 23 




11 


2 


50 


10 


Misc , 


15 


6 49 




304 


4 


67 


2^J 


generci I 














TOTAL 


468 


129 1400 








35 


22 



^Subfield abbreviations used are the same as those identified in 
Table IV. 1, footnote a. 

^Obtained by multiplying the sum of the numbers in the preceding 
two columns by 2,34 

<^Doctomte Recipients fro^ U,S, Universities 1969, 



PhD program. The third column gives the estimated total number of 
theses in each subfield, obtained by multiplying the sum of the 
first two columns by 2.34. The fourth column compares these num- 
bers with those obtained from Doctorate Recipients fro'n United 
States Universities 1969,* for those subfields for which there is 
a roughly equivalent NRC category. Many theses that belong in a 
subfield apparently appear in the general and other categories of 
Doctomte Recipients, The fifth column lists the percent of theses 
in each subfield according to the sample. The numbers are obtained 
by dividing column 3 by 1400. The sixth column gives the percentage 
of theoretical theses, defined as those that contain no new experi- 
mental information. The differences among subfields are not unex- 
pected. The final column lists the percentage of theses from uni- 
versities with small PhD programs. 

To investigate changes in the distribution or number of theses 
with time, the Data Panel also surveyed the abstracts of physics 
theses in the January through June issues of Dissertation Abstrxcts 
for 1966. These abstracts refer to theses awarded in 1965. The num- 
bers appear in Table IV. 10, which is similar to Table IV. 9. Com- 

*Doctomte Recipients fron United States Universities^ annual 
publication of the National Research Council, Washington, D.C. 
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TABLE IV. 10 Production of Physics Theses in 1965 



Theses in 

Sample Percentage Percentage Percentage 



Sub- 


Large 


Small 


Est. 


, NRC 
Total"' 


of all 


Theoreti- 


Small Univ. 


field^ 


Univ. 


Univ. 


Total 


Physics (:?:) 


cal (%) 


(X) 


A&R 


8 


0 


18 




1.8 


62^ 


0 


AME 


32 


10 


96 


111 


9 


36 


24 


EP 


65 


2 


153 


180 


15 


63 


3 


NP 


88 


3 


208 


158 


20 


30 


3 


P&F 


25 


1 


60 




6 


58 


4 


P 


2 


2 1 




53 


5 






F 




3 0 




7 32 


0.6 






CM 


146 


19 


378 


299 


36 


23 


12 


E&P 


26 


6 


73 




7 


31 


19 


PB 


3 


1 


9 




0.9 


0 




Opt 


4 


I 


11 


13 


1.1 


20 




Acoiis t 


0 


0 


0 


7 


0 






Misc, 


16 


1 


39 


122 


4 


75 




general 














TOTAL 


413 


4/* 


1045 






34 


9 



Subfield abbreviations used are the same as those identified in 
Table IV. 1, footnote 

^Obtained by multiplying the sum of the numbers in the preceding 
two columns by 2.29. 

<^poatomte Recipients from U.S. Universities 2958-2966. 

^wo experimental studies of gravity and one cosmic-ray experiment 

were classified as astrophysics and relativity. 



parlson of the two tables shows a growth in the number of theses 
in all subfields. Signiificant changes in the distribution are dif- 
ficult to find, although the decrease of the fraction of theses in 
nuclear physics and the increase in the fraction in condensed-mat- 
ter are perhaps meaningful. The fraction of theoretical theses al- 
so did not change. The most striking difference is the increase in 
the proportion of PhD*s awarded by institutions that were classi- 
fied as small on the basis of the 1962-1967 listing. In 1965, these 
institutions awarded 9 percent of the PhD*s included in the Dissev^ 
tation Abstracts sample, consistent with the number of such pro- 
grams obtained from the Physics Today list, 10 percent. By 1969, 
these same institutions awarded 22 percent of the PhD's. In fact, 
according to these samples, 57 percent of the increase in PhD pro- 
duction from 1965-1969 is in the small institutions (201 of 355). 
A slight distortion of the comparison results from an increase in 
the coverage of Dissertation Abstracts between 1965 and 1969, which 
included two of- the large institutions awarding 82 PhD's in the 
1962-1967 period and nine additional small programs responsivle for 
22 PhD's. 
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Mj/»f. PHYSICS IN pkksim-ctivk 



TABLE LV.ri Distribution of Citations In Journals ot: thu r,nHtl- 
tuttj of Klectrlcnl and IC lecti'on Ics Brgineurs 



Total Citiit Ions 

.loiirnai to I'liys Ich 
Cltat lotis . Journals 



196S 13,763 
I ••3^ 1,567 



3015 
293 
331 



Percent 



Citations to 
U.S. Physics 
Journals 



Percentage of 
Physics Cita- 
tions to U.S. 
Journals (%) 



18 
21 



2^37 
210 
110 



81 
72 
33 



tV.1.5 PHYSICS CITATIONS IN THE ENGINEERING LITERATURE 
Several surveys of sources of citations to the journal literature 
In publications of the Institute of Electrical and Electronics 
Engineers (IEEE) (formerly the American Institute of Electrical 
Engineers and the institute of Radio Engineers) have been made.* 
The substantial number of citations to the physics literature in- 
dicate continuing dependence of electrical and «lfectronics engin- 
eering on physics. luMt; IV. II showL the distribution of citations. 

The category, tM»v«ic9 journals, includes the following: all 
journals publish* l^y tlie AIP, Sooiet phyaics JETPj Pivaeedings of 
'the Fhuivcal Jcia-nal of the Phyoical Society of Japan, 

Jommal of Fh . . r.^mistry nf Solids, Canadian Journal of 

Physics, Proc. the Royal Society, Joia^nal of Mathematics 

and Physicsj ft fur Physik, Annalen der Physik, Japanese 

Journal of 'pp -ysics, Physica, Philosophical Magazine, and 

Helvetica r .j:rL-cui ^> ita. Of course, there are other pl^ysics journals, 
but others do not app*:^*r in the list of journals cited. A more dif- 
ficult problem percnin-^ to interdisciplinary journals such as 
t/atui^e. Undoubteaiy, a certain amount of phvMics is represented in 
citations ' ' Ure , but, as r'lere is no way to measure this 
amount, i.hev a:;, nut counted in the citations to physics journals. 

Appar:''' , physics journals have accounted for about 20 per- 
cent of I'.- journal citations in the electrical engineering litera^ 
ture for many years. The ratio persisted through the rapid expan- 
sion of the IEEE publication program during the I950*s. 

The other striking feature of the table is the steady growth 
of the fraction of citations to journals published in the United 
States. The same trend would certainly emerge in counts of physics 
publications, but it is interesting and perhaps more significant 
to see it confirmed by a study of the use of the literature. 



*Coile R.C. ISEE Tvansactions on English Writing and Speech.^ 
EWS-I2I 71 (1969); Proceedings of the Institute of Radio Engtneers^ 
38, 1380 (1950); Journal of Documentation (London), 8, 209 (1952); 
Dalziel, C. F. Electrical Engineering, 57, 110 (1938); Library 
Quarterly, 7, 35^ (1937). 
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IV. 2 Use and Usefulness 



Numerous small sampling and observational studios of the use of 
the Literature of physics were made during the course of the Phy- 
sics Survey and have been reported, together with earlier studies 
by others, in Chapter XIV of Volume II, Hart B» of Fhijsics in 
Perupective. The purpose of this section is to add a small post- 
script to what was written then by describing one further study 
that was not then sufficiently advanced to discuss. Even now, only 
sketchy results are available, so the methodology may be of more 
value than the results. 

The study was designed to find out how well the typical active 
research physicist succeeds in maintaining awareness of work pub- 
lished in other countries that has an important bearing on his 
own interests. This question is basic to many decisions on informa- 
tion services: Elaborate schemes to improve current awareness are 
hardly worthwhile, for example, if physicists are already in touch 
with all the information they are interested in trying to assimi- 
late. The key words in the question we hoped to answer are ^Hmpor- 
tant bearing on his own interests." Although one might argue that 
many physicists do not know what is important to their own interests, 
one is usually on rather shaky ground in trying to overrule the 
judgment of the persons whose interests are involved. Consequently, 
the best way to set up a study of this' question would seem to be 
to base it on value judgments of the individuals concerned, which 
was the approach adopted in our study. 

A physicist, whose own interests led him to scan a rather wide 
range of literature on condensed-matter, selected numbers of ar- 
ticles from those he encountered in browsing through non-U. S. pub- 
lications—articles that he considered likely to appeal to the in- 
terests of some 30 of his colleagues. From time to time he pro- 
vided each of these colleagues with a one-paragraph resume of those 
aspects of a paper likely to interest him and the bibliographic 
reference. Such distributions were made only after at least six 
months had elapsed from the time the article became available in 
the library but less than 18 months after this time. The colleague 
would examine the material and answer two types of questions about 
it, as shov/n on the form reproduced in Figure IV. 2. The questions 
of II enabled the returns to be analyzed in such a way as to make 
the results almost independent of the quality of the initial selec- 
tion of articles: Only returns on which II. 1 or II. 2 were checked 
were counted. There were no failures to respond. 

Some typical preliminary results appear in Table IV. 12. The 
numbers are so small that sampling errors could be substantial, 
but they suggest that about half of the non-U. S. literature items 
that U.S. physicists would ; e interested in taking time to examine 
may fail to come to their attention within the first year after 
their appearance. The loss entailed is considerably mitigated, how- 
ever, by the general redundancy of the literature: In many cases 
similar results or ideas are put forward by several investigators. 

The study was so designed that figures could be separately tabu- 
lated for experimentalists and theorists and for articles in foreign 
languages. Further studies of this sort would be of substantial in- 
terest. 
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l6/*8 PHYSICS IN PERSPECTIVE 



I. Previous familiarity with tl.e item. (Check one.) 

1. I had previously seen enough of this 
item to evaluate its degree of inttir- 

est for me. 

2. I had heard of this item, but had not 
evaluated its interest. — 

3. I had not heard of this item, but was 
already aware of results equivalent 
to those quoted in the communication 

on it. — 



I had not heard of this item, and was 
not aware of the results quoted in the 
communication on it. — 

IL. Interest in this item. By checking one of 
^he three alternatives below, please indi- 
cate whether this item was of low, medium 
or high interest to you, the boundaries be- 
ing defined by whether it was of greater or 
lesser interest to you than (a) median of 
all articles of which you read at least the 
abstract, or (b)' the median of all articles 
of which you read nearly all of the text. 

1. Interest of this < median of ab- 
stracts. 

2. Median of read abstracts ^interest 

of this < median of read articles. 

3. Interest of this > median of read 
articles. 

FIGURE IV.?. Evaluation form for physicists queried about Journal 
articles. 
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TABLE IV. 12 Famillarily of a Sampiu of Physicists^ wltli Results 
of Interest to Them Published in -Jon-U.S. Journals and Available 
for at Least Six Months-^-^ 





Degree of interest^ 






At Least as High as 






Median of Abstracts 


Higher than Median 




Read (Categories 


of Articles Read 


Degree of Familiarity 


II. 2 + 11.3) 


(Category IT. 3) 


Seen or heard of: 


12 


A 


Evaluated (Cate- 


11 


3 


gory 1.1) 






Not evaluated 


1 


1 


(Category 1.2) 






Not heard of: 


12 


A 


Aware of similar 


6 


1 


results (Category 






3) 






Not aware of re- 


6 


3 


sult (Category 4) 







^Respondents were theoreticians in nine cases, experimentalists in 
15. 

^Entries are numbers of cases. 

Cln addition to the 24 cases tabulated, there were six discarded 
replies checking item II. 1. 
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V 

INDEX 
OF 

DATA 



This, chapter is devoted to a crude but, it is hoped, usable index 
to socioeconomic data contained in all the volumes of Physics in 
Perspective , including the present one. (Data of a purely scien- 
tific rather than socioeconomic nature are not included in this 
index, although they occur frequently in the earlier volumes. Dia- 
grams that are schematic, rather than quantitative, are also omitted.) 

The organization of the index is based on the categories of inde- 
pendent and dependent variables that we described in Section 1.2,1. 
Each table or figure has been classified, first, according to the 
nature of the quantity tabulated or plotted as ordinate and, second, 
according to the variable or variables on which its functional de- 
pendence is shown. Using the terms "dependent variable" and "inde- 
pendent variable" for these two categories, respectively, we shall 
arrange the index according to the various combinations as follows: 



DEPENDENT VARIABLES 



People* Numbers or proportional amount of 

Manpower J (Employable) (ME) 

Manpower J (Students) (MS) 
Money, Dollar figures or proportional amounts of 

Funding ($F) , Money assigned to broad programs of scientific 
research, etc. 

Other money ($0), Salaries, income, GNP , costs of equipment, etc. 
Publications (P) . Numbers or proportional amounts of articles, 
books, etc. 

^fiacellaneous (Misc.). All quantities plotted or tabulated, other 
than people, money, or publications. 
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LNDE PKNOKNT VAUI AHLKS 

!''ii:cfpl-hii.\ PliysicH, chemistry, l-t-^'^y , otc, or» uccwiy lona 1 ly , 
physicaL sciences, biological sciences, elc. 

Sid)dii}(j-ip ii>:^ . Smaller >?iroiipln^s than the ab(we, most often tlie 
subt'iolds of ptiyslcs. 

Aottvitij. Such di.stl net Ions such as basic and applied rcscarcli, 
development, management, tcachln|i», etc. 

(U'iogiKiphical. ■Distinction of one country or one region from another. 

[n:\ti tut- ton OV Type of institution. This may refer to one or more 
specific institutions performing work in physics or, more often, 
to the distinction between types of institutions, sucli as uni- 
versities , Indus tria I lab orator les , government laboratories . 

Support souix^e. Agency or sector of the economy from whicli work 
is supported. 

De^jmP. OV vcr^ik. Most often this contrasts holders of doctoral 

degrees (usually designated *'PhD,'* though ScD, etc. are included); 
sometime.^ academic faculty rank is used or, for students, tlie 
level. 

Age. 

For a given dependent variable, not all the independent variables 
just listed 'wi-ll be of interest. For example, the last two are 
relevant only if the dependent \rariable is one of the "people" type. 
In the tables below, only the 'more important independent variables 
are used. We have omitted those that were found to occur seldom or 
never among the tables listed. 

Whenever a table or figure specializes its data to one or several 
values of an independent variable, there is an index entry corres- 
ponding to this variable. If the data r^fer to only one value of 
the variable (e.g., if tUo. variable is subdiscipline and the data 
refer only to nuclear pliy<3lcs5, the entry is the numeral 1, or, in 
certain important cases, a special abbreviation — when the data 
refer to the United Statej, the entry in the Geographical column is 
"U.S."; when they refe:T to physics. Chat in the Discipline column is 
"P". If they refer to .two values of thv. independent variable, the 
entry is 2; this entry is als'o usually used, for example, when the 
data contrast one subfield with all the rest of physics. If the 
data are separated acco'rding 'to more than two values of the inde- 
pendent variable, the ertr"? ia Ju. 

The right half of each, index page contains additional information 
that may be useful. 

Source. This is an abbre via/:ed clue to the source of the data. Not 
all sources are identified, but the following are (though only 
in cases where the natv-re pf the source was obvious to the. 
indexer) : The National Register , of Scientific and Technical Per- 
sonnel (R) ; other queLl.*:lonna ires to individuals or to organiza- 
tions (Quest.); record;^ "^f government agencies supporting R&D 
(Ag) ; records of other or^;^Gnizations (Rec) ; abs trac ting-indexing 
publications (A&I) ; re5;eaC'<:h journals (J); scientific and tech- 
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Lr)52 PHYSICS IN PI-RSPECTIVK 



nlcal. L i LLTMturr in giMioral (Ml:,); uditurs (KtLs.); Interviews 

(mt.). 

Semrkr,, Any combination of words or symbols that will provide, 
wttliiii tliu small space available, a clue to the subject matter 
of the index entry. For tlie sub fields of physics corresponding 
Lo tlje panels of the Pliysics Survey, the usual abbreviations are 
used: Astrophysics and Kelallvity (A&R) ; Atomic, Molecular, and 
Electron Physics (AMI-); lUementary-Par t Icle Physics (EP) ; Nuc- 
lear Physics (NP); Plasma Physics and Physics of Fluids (Pl.SFl.); 
Physics of Condensed Matter (CM); Eartli and Planetary Pliysics 
(E:&PP); Physics in Biology (Ph. in Biol.); Optics (Opt.); 
Acoustics (Acoust. ) . 

Item, Preceding the colon is the relevant volume of Physics in Per- 
i:pectivc\ following it is the figure (F) or table (T) number or, 
occasionally, some otlier designation to identify data material. 

Ci'OSG entries,. When a figure or table supplies data of more than 
one of the dependent-variable types enumerated above (e.g., sup- 
plies both funding and manpower data), it will, of course, be 
entered in more than one place in the index. In such cases, 
each entry contains, in the last column, the abbreviations for 
the dependent variables of the other entries. 

. We have tried to follow as literally as possible the indexing 
scheme just described. For example, tables giving mean salaries of 
different types of people are indexed under $0, not ME; ages are 
under Misc., though age distributions are under ME; a plot of words 
per year in journals is Misc., not P. But in many cases, hasty and 
rather arbitrary decisions had to be made, of which we shall try 
to list some of the most conspicuous. Data on number of people 
changing between one employment or specialty and another between 
two given years are usually identified by a 1 in the "Time" column, 
as they approximate the value of a time derivative evaluated at one 
time. Data on degrees granted have been assigned to the ME category 
not the MS. The identification of interdisciplinary areas may not 
always have been consistent: an area whose physics component is only 
one of our subfields (e.g., E&PP) may have components belonging to 
two or three major disciplines, and if these are separated in a 
table, a 2 or an X in the discipline column is appropriate, even 
though there is a 1 in the subdiscipline column. Even fuzzier is 
the situation with regard to commercial products, etc.: often 
these have been associated regularly with a nonphysics discipline 
(e.g., electrical engineering) to justify a 1 in the "Discipline" 
column. Data referring in one sense to one value of an independent 
variable but in another sense to two or more values (e.g., scientists 
working in the U.S. but classified according to country of origin) 
are usually given a 2 or an X in the relevant column. 

The arrangement of the index is as follows: Each of the Tables 
V. 1 to V.IO is devoted to a particular one of the dependent: vari- 
ables and in some cases to the combination U.S. physics, of the 
geographical and discipline variables, or to the remaining combina- 
tions (including the combination of U.S. with any other discipline 
or with a multiplicity of disciplines in which physics might be in- 
cluded). Within each of the tables, the entries are arranged in the 
order of the entries in the first column— X, 2, 1 (or U.S. or P, 
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whon apprujjr i.attO » iMUry — -,nul i»iuii?r vnch of Lliesf in tlic order 
of entries in ^lie second column. Fur L her order li^^ is not by cntrlcH 
in the other columns but is sequential through tlie four volumes oi* 
rhl/i}^c^i^ i>i /\:^»i.i,./c..*t m^-'. Thu tables are 



Table V.l 



V. 2 
V.3 

V.5 



Table 
Table 
T'ab le 
Table 
Table V.{) 
Table V.7 
Table V.8 
Table V.9 
Table V. 10 



Manpower (Employable) — U.S. , iMiysIcs 

Manpower (Employable) — Other Than (U.S. , 

Manp owe r ( S t ude n t s ) 

Funding — U.S. , physics 

Funding— Otlier Than (U.S., I'hys ics) 

Other Money 

PuIjI ications — U.S. ♦ Physics 
Publications — Other Than (U.S., Physics) 
Miscellaneous — U.S. , Pliysic:s 
Miscellaneous- — otlier Than (U.S., Physics) 
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TABLE V. 10 Miscellaneous— Other than (U.S., Physics) 



Sufi- itJStl- 

Oo- lJUcJ" IJicl- tutiun Siippt>ri 
xr.tphlc pltn** pllnw (or Type) Sogri:<f riisf 



U.S. 
U.S. 
U.S. 

It.'i. 
ti . . 
y.s. 

U.S. 
U.S. 
U.S. 
U.S. 
ir.s. 

U.S.. 
U.S. 
U.S. 



Crusf) 



Kfc. 
A&l 



Rec. 



juVH C. 



A&l 
Lie. 
Qtlcat. Inc 



ICSU I:App.HA 
Atcfltf frtiors « 1.5 CcV 1:T4.2 

A^iLfleriiturs I :F8.M 

tritUvnultlp h A^e l!T8.K 
Arci'lerntorti < 1.5 0«V HA:!!.-!- 

Storj^to rings IlAiTl . b 
Ai:c«lKr«cur & rwaccur loc . ItA.FH.^ 

Cone, of Jrnls. lIBiFXIV.i? 

CNP & energy I :F7. 10 

Stalcond. BifKr*. JA:TlV.5 

CoapuEfr innuvaduns iIB:TIV.6 

Aceeluracur locdciaits ltA:I''J.3 

Kntrxy f.T7.A 

^^r-nunlc. mtfilU I1U:FXIV.5 

Dept. 9ltv liF'i.; 

ApEltudf tii-ureii I:TI2.3 

PlflMoa KranEs [ 1 A:pp. 725'(i 

Rec. new itcarE« II0:TIX.2l 

Darx centers IIB:IXApp.B 

.«1edlJn A&R :IC:TI1.54 

TeleconnnunlcaElons 1 .-FA. 34 

EnerKy 1:«'7.9 

Univ. fitcal cruubleit' I.Tfi.l 

ConunlEceea USC I .'TIA. [ 

EnploynenE hJb I:F12.I7 

CNP facrors I:TI2.23A 

CrowEh induBEries I:TI2.23C 

Reactori HAiTIl.l 

Nuclc>ar power pIunEs t[A:FI[.2 

tnfo. jnal. ccnEem IIB*.FXIV.48 

Comnunlc. n«ill4 [IB:FX[V.4 

AbsEr. JrnU. clrc. tlBjFXIV.15 

AbHEr. Jrnls. llBsFXlV.lft 

Rev- llr. IIBjFXIV.40 

Tine In cutmunlc. IIB;KXIV.3 

Plaama expEs. I;F''t.6S 

Jury r«ElnKS [ ;FS.4 

Jury raElngs 1:F5.6 

Jury r«ElnK9 1 :F"».7 

Jury raElngs I ;FS.8 

Jury raElngK I :FS.9 

Jury raEings ljP5-10 

Jury rnElngs 1 'S,!! 

Jury raEings I :r5.12 

Jury raEings 1:F5.13 

ExErlnBlc vs InErlnslc I:FS.U 

KxErlnslc vs InErlnslc IiFS.lS 

Jury r«Elnga l!App.5A-5D 

Typeii of ucceleraEors IIA:TII.<t 

OuallEy of CM papers IIAiTIV. 10 

Pflv. JrnlH. circ. tIB;FXIV.45 

Kinds o{ rev. He. [IB:FXIV.46 I 

Enphaiils In jrnls. IIB:xiVApp.A 

AbsEr. A ElEle Jrnls. IlBsTXIV.I 

AbsEr. JrnU. IIB:TXXV.2 

TlEle Jrnls. na:TXIV.3 

Secondary services IlBjTXlV.4 

Abstr. Jrnl. Indexes 11B;TX1V.5 

Spcondary snrvice« IIB:TXIV.6 1 

Energy prod. I :T4, 3 

Jrnl. Eloe laits •M:TXIV.8 

Age o{ Jrnls. read itfl:TXIV.l2 

Oral conuaunlcdElon ItB;TXIV.18 

InEerdly^. jrnls. 1IB:TX1V.20 

Info. EransnlHii Ion ilB :FXtV./ 

Info. ErnnsnlMHlon IIB:FXtV.8 

Phys. AbSEr. clrc. IIB:FXIV.I4 

Jrnl. bulk & price Ili::FXiy.l8 

Jrnl. circs. HB:FX1V.19 

Bulk of Jrnls. Ha:FXIV.20 

Jrnl. special IzsElon im:FXIV.2S 

i^ue6E,A&I Rav. He. llil;FXIV.4I 

Ail Rev. llE. CM 1IB:FXIV.42 

CompuEer efficiency 1:F7.2 

.■iemlcond. InnovJElons I [A:TI V.4 

Discoveries vs explolE. I:l'7.t 

Laser power IIAiPlV. I 

Conputer generations IIArFIV.S 

Timekeeping devices IlBiXllTU.l 



esE. tnE. 
Rec. 

I.IE. 

A&t 



QuesE. 
A&I 
tnE. 



Rec. 



Rec. 



A&I 



r !Fr3.28 
I:FI3.3 
1 :F13. 10 



I :TI3.2 
I :T13.3 



I :Fn.9 

1:F13. 13 
I iF13. 12 
I :FI3.15 
I :F13.24 
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APPENDIX A: 
SELECTED TABLES 
FROM THE PHYSICS 
PORTION OF THE 
NATIONAL REGISTER OF 
SCIENTIFIC AND TECHNICAL 
PERSONNEL 



The next few pages reproduce the 196A. 1968. and 1970 questionnaire 
forms After these follow the tables; their content has been de- 
scribed in Section II. 1.2. The number following the T in the up- 
per left-hand corner of each table designates the type of table, 
as labeled in the first column of Table II. A of the text. The 
labeling of the rows and columns corresponds to the choices ot- 
fered on corresponding questions of the National Register form; 
the numbers in parentheses at the heads of the columns of Table II. 4 
can be used to locate these on the 1970 form. Each table is given 
an identifying number at the right. 

A variety of abbreviations is used xn the tables. Those per- 
taining to the various subf ields are the following : 

A&R, Astrophysics and relativity 

AME, Atomic, molecular, and electron physics 

EP, Elementary-particle physics 

NP, Nuclear physics 

F, Physics of fluids 

P, Plasma physics 

P&F, Plasma physics and physics of fluids 
CM, Condensed-matter physics 
E&P, Earth and planetary physics 
BIO, Physics in biology 
OPT, Optics 
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ACOUST, Acoustics 

ASTRON, Astronomy (all areas other than astrophysics 

and relativity) 
MISC, Miscellaneous physics 

Many oe the tables have subrows labeled with H, V, and sometimes 
HP. Here, N is the number of registrants relevant to the given box 
of the table, H is the percentage that this box comprises of the 
horizontal total in the table, V is the percentage chat this box 
comprises of the vertical total, and HP is the value of the column 
variable at the indicated percentage of the horizontal total. For 
example, in the columns labeled salary ranges, as in Table 12, an 
entry, 50 - s, in the HP subrow means that s is the median salary 
for the row in question. A statement, dimension-OOl 01. means 
merely that there is no specialization other than that indicated 
for dimensions Oo2 and 003. 
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1680 PHYSICS IN PRRSPECTTVE 



NATIONAL REGISTER 
OF SCIENTIFIC AND TECHNICAL PERSONNEL 

.N fME FtELO OF PHYSICS AND ASTRONOMY CONDUCTCO or tHK 
AMERICAN INSTKUTE OF F»HY8;C9 




226 



ERIC 



Appendix A 1681 



CURRtNT FROFC9SIONAL tMFLO»MCNT «r,NllHi;rir 

IJ Norrb«r y»iur lUfl ami MvomI moit importjni kinA ut Avlivity. in t»nt»« nf > 
nn Ui« ApprupriHt* linrs bvluw 



I urn* lUvuinl, tiy •(ii*riit|( 'I" "xl "3' 



DMrNIKtHAIION ()» DTIUR THAI 



t ■ KV.vi t.ory)N r <iH irrjiifi 
I »(iN)ii;i.riNi; 



H !• ANY uf 

U yM, u yuur wutk i»Ul 



work Uini •uppori^ or ipnnwtrHl hr U S Cuti 
iUr«i 10 any ol ih» lollowinn \noirMn\» 



inmriit ftimU' 



C I .Afrtctillui 
U i • D*r»nw> 



lJ A . Intcrnalloru) 



LI ' - Natural rv«a(iri.'r« 
U -i . Spaet 



C! Y#. n Nn 11 Don! kinow 

Go.Otii»r proHram Itft^tly) 



NOTIi lilirr M»4 lnoffiRi lilimallii U rtfiNU iMfMiitlil wIM bi iiH lir ititlilkil ■irMui iiIt. It «UI NOT 
H wliiMd U MT WIT >lnt win illiw It ti U \Un\mu with jtt. 



\S BASIC ANNUAL SALAKY «JAN |»M> Pl.„, „v, U,e b«lc .nnual Mlary *u«c,al*d *tth yuur principal prol-ional 
erttploymeni ai of Jan IM4. ^ 
U atadvmirally vinployHl, ehttk whMhrr Mlary I* lor □ S-IO rnnt nr □ 11-12 rnfn 



'* f'S.T'" M^.L""?^'' T^l^' rHOFESSIONAL INCOMR ,Jan 1 to tVc 31. t9«4) PI ,v. y„ur «..ma,«l «ro« pro- 

(naional inctMne from all prnfrMlnnal acUvtllra for ihr yew v»hteh will ,ntt l>rrmb»r 31, 1964 j 



i; llnw many y«ar« nf pra{«umn«l work •xprrirnc*. tncludlng traehinic. have you l«d? 



DO ••OT 



IN Fr.,ni Ihr .inoitn.anyii>« i|r»rt<lti i. iVWranj .nW l>i» Cn.» helow in d«rV.i»inf cH.Vlh'r l^^o^TialtiM i 

co.«,.l,r you have >our nre«tr,l M:.,nLrtc cump*trn«. b»rd on your tot*.! ftJ.ir^nilual aJj w„"k ' 



Crralnt 
S««»n<I 

18a li ywir profeuional comprlriK* primarily rha 



^^^rl^\tf Till* 
ttvlallT Till* 



Third; 
FoHrlh; 



rTUPt\ at n Thwirettrjl CI Kaptrimenlal Q Ooth ' 



UANOUAOe AND AREA KNOWLtDOES 

Ji^rl'u'? i^urt'iSnLy'^' 'h-" en-«»h> in "which" you have"bnuwW,/a,.,:n;i,.;,;".;h:"^ 

If ynu havt no |nf»t(n l*n(ul(* mmptrtnr*. chtrk he*, Q 



rnoFiCiCNCv 



aND OILtviM 
LICTUNIi 



coNvcitac 



*am OWN uii 



KNOWLIDOI. 
■UT CaN'T 
Ufll ai A 



'IClaLL* rLUItaTLv ^ai«A«LY i 



■ NOklBN tail 



" ?am^ fy''SIS^ J:r"h!^:r'u:i'll. " " ^ "^''^ ' P~''«i<'n*l .P«Uli«tlon 



COUNT«v om aNij 



iTUMi OF VOUM KNOWLIDO* OD ■^■CiaLIZATie 



ttrint wards 

Mt AMERICAN 1*ltV«ICAL !lrK:iLTV 

»«. OKTifAL Bocirrv or amkrica 

acoustical «ocimr or *Mr.Ric.( 
•« aocimf or rhkolocv 

>0I AMemCAN AISOCIATION OF PNV«lCit TKACMKIU 



IM AWr.RICAN ASTRONOMICAL BOCIITV 

Ml AMKRtUAN CRV5TALt^CKAI'Hfe aMOCIATION 



" Ilk"" ■ " th'ouah "hich you cu, a|way, b. rearhrd if difTer».,i from adJr»« on rever»« 

ei.. ..... 



I 



I 
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1682 PHYSICS IN f'KRSPKCTI VK 



1968 NATIONAL. REGISTER 
OF SCIENTIFIC AND TECHNICAL PERSONNEL 

... ,Mr Ml I n vf PHYSICS AND ASTRONOMY roNrni.: rcn 0» thl 

AMKmCAN INftTITUTt OF (iHVBIC* 

*SD (HI N»MON»l. iCIINCi roUNO»noN 

t»...r.t< il-mi..! S.I.I. Am.t.».« ►^..N-mk A"*""""'" ,. ^T^^'^^i^"*; 

r 1 

rnV..-! .ri.».iitr Mn is.iifO 

|<IIAIC Rf tnan nami »tO *Oon«ii 

L -J 
Norr It r« ' ■• • " ' ' ' "" """ """"" """^ 

■ ;;7:;:;™;;,:i;r,;,tT:/;:vt,:T;:r;;T,::rrir:r-. - - - - - 




VITA 1 
1 ri*«l or R'NTM 


1 .T*'! oil ru.f K'"* 




* ■■I 

[: ' ■ 










(Jf .nil 


































" ,■ II >..ii .If.- ^ Mu.j.'tn. ihv'k >(uir stAtii* 




(iROFCBSIONAU EMPUOTMENT I — — 

H Ch.Kk your nnploymrni st-lu.. i .n,«lovn.rnl - Nt.l rmployrd and nol swlilng Qa-RtHred 




prrtritl p<wiliim. 

Xtlu»l til"« •mpl.>»"»»n» trirr tn^ itital 

N*in« '>t l>»intir»l »mDliT*» 

Til # Mirhn " '»«'*""^ ' ui»i»»»>it». t^ht*. "r i«"l«» «"•«• 




10 Ch«li Ih. b«. of «,^bry «hich b r,o,t .pproph.u fpr your pn«.nt P^^'^^J'^^r^' 
g , . PHivATic tnwfftn^i OK mtiiHrM ^ - ^U^JInational awwoy 

L 1 • MKDiCAi. w-HWL n „. NONrnoriT iionriTAL OR clinic 

□ 10 . JVmon CIlLLRftr .^„„„, .v.rrw □ 7 • MONI'HOFIT ORCANIIATlON. OTHfH THAN MOiriTAI. 

□ * . 8r.OiN0AP.T OK KLKMKNTAHY »«^"0p'- ^ ' r| (NIC OH ttlUCATIONAL INBTmJTION 
D . . V$rm. HILtTART HIE ACTIVE DUTY ^ OTUtH itp^^ft 

I! ■dtllUOMlly rmployed. •nlsr on th* \int H ih- 
r1«hi ih» cm»tofy mort upproprUi* lo u«« wnploy" 


n. Nu..>Ur ye, flr.t mo.. .mporUn. kind of .ctivhy. in Urm. of worhin. tln». ovc.x.. by .nUrin* -l ' .nd on u», 

H . «ANAr.lt«HT OH^n«tNII,TKATION OF HWIEAKrH .J ! iJ^iJ, CvS"**^ 
U . iANAS^^^V OR AD^iNWTRATION Of OTHKR THAN J? : "^^'^o-r JLATlON. PROCnWINO 
RKsrARCIt AND urVKLOPKlWT CONSUI TINR 

I . BA«IC RrJKARCM RALni MARKKTINC. PlIRCII A8INC. MTIMATINQ 
T.APPI.IKD RKJIKARCH 

t\ : Ir^III^Sr OTHfR TKCKNICAL WRITlNr.. wmsO <miKR i-P-IM 

II . KMl'trUKKT OR RTRTKMR RWKARiH 




■ 12 U ^NY of yoor work b..n« «.pport^ or .pocunr^l by U. S. Cov.rt«n«,t fund.? □ Y« □ No □ Doni know 
If y«. i. your work r^^ to .ny of fol.owim pro«r.m.^ Q n - Urb*n d.v.topn»e„. 

□ c . Drfttuw □ 0 - Inl»mAUon»l □ - Spw* 

□ D.MocUon □ B - N.h.f.1 r«our«. □ - . Tr«>«port*tlo« 
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IMtiSKNI (<rii>ri|)iii ritiiHu) ixml ut *r>\<, id vour «p»ci4illy if i| n iti»t mi ihv lut 



AUi .'nifi iiUiTi Mivitliflr NiK'Liiiliii-* III ♦Inch villi Jiivr L-imi|ir<i-i 



••(^flvIlT Till* 



ittwfiaiir Tiii> 



NOTIj Siliry ind Ineoni litfifinitlin It riMf^H ii einfldintlil ind will ki utid fir ititlitleil pwriiiM «nl*, It m\\\ NOT 
>» riliiMd rw my wiy thit will iiUw it ti idintltlid with iu. 



i|>lii*>if vl'i'ik Kkhvllirr ..iHrv i« ('ir ; , *J Mi it, | i n \* r,,,,, 

I'lr •n"..l .•'.r« l»t..., ,1„1 ,r t t.,, ,„,,.m% t«<. .^,.| ,rr„;,, 



% 



HI Ituw ni.iitv >Mri ijf pfiifmiijim) wiirk v%\t^i\tn\ev. Intluduiit lrjrliiii,{, havp yoii had? | j 



LANO'J*ae *ND ARCA KNOWLCDQcT 



lVvlIi'fl''..!'m!'li»j'^^^^^^^^^ p ' -"'I your priiHr,«.cl. 



PBOntllENCY 



M»TI **CILITV 



CAN ni*o 

TtCHNIC*L 
*MTICLI« 

won qmn u«i 



MNOMLIOai 

UtI *« A 

HIOIUH Of 

COHHUNl. 
CATION 



W ARKA KNOWLKIXJE Lt»l lh» far.itfr, conntriM of wMth you h>v» • knowlf^f^p tfin^ l.y rnldinti> or rw.rch. 



P»OriHtON*L tPINTiriBATtONif 



Mr- V..7 -V. . . J M . *iiK»ii;*N (iiH-irrr roir MrrAW 
U ^:::M7c\K^Mr;V^^ ..k rH...r, Tr*r»,.K, " ■ .NHT.UMKNT «CK:.,rTr .,r .mkh.c* 

LI r ■ AMKNUTAK AHTNOydM It A L DnCirTT 

a <1 ■ AMRMtCAN CHVSTALMWHAPIIH: AJUMlrUTIMM G T.oVhVrs' i.^HTT 

UM AMKHJCAN ABJUKTIATK.N Of PIIVHIfHTS tH MKDICINK □l^NONK 



21, rii-»M' Kivi* • n-.»dir.. / f..rw»rdiiie ad.Jtr.i ihrou«h whi<:h > 



wUays \tr rrurhiHl d dilTtrtnt from »d(trru dbova. 



•ociAL aicuntTv account no 
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III ihe «ciiiin PKOI-liSSIONAl, l:MPLOYMrNT iiti iht Vtt>H Nwllnnal KcgiMcf OucsJinnnairc yuu «re 
leijueited fo kIccI Imm ihn tm the ip<»;i*liy nmif clmcly rclMcd lo ytmr ptncnl cmplnymcni anil uih« jpccialiiei 
in *hich yim may have cimn>rtcm:c (iicm I D l'lca*c u^c ihc ^jxcialiy ink frrnn ihiv wlccicd liii; if you iclcct ihe 
"Other" wtcgoty, u^c thai cixic iiumhfr ami wnic in your hncf ip<cialiy nilc. 



ArMMtki 

(>i:il)-App)i«<l KO«nl>rt. inMCumcnti iml ippiriliii 
nU2il Anhiicviuril «inuiiKt 
Ot2lh hii init hcitiiti 
I)>24i I'kcliKMiiwikk 
012^1 -IntmtKnkt 

03277— AlwiKi) tniirunwnli ind mu»K 
012l^>-NoiK 

U1l|9--.Virri;h ciMTUHunicilHini 
0Ji:7— -nieurjr ol •■*«» iml »iNiiiu>in 
li1ll1->UIUiionic« 

l)1W2 iMIwr Mpfctfyi 
AMntr amd wUf br fkyxkt 

0.t42h_AiiWK mii«<« iflil ■tniniliiKt 
ni4}i»AUiinK structure inO ipr^tri 
1)144;-- CTwmitil honil* iikI «nx:tuif 
f)W*<* -I'kflrim p«rim4|wiK: tet«<nince 
liWA' tmp«cl imt icilltrtni phcninncni 
l)14T1» Mm ipcilKNtiipy 
DUm -Mokciilir (iructuit md iti*(tii 
l))<|7.-Nutkit mittwlK rrwniiKi 
ni^m—t'Hhti (»pwifiri 

n mnwn ii rt pw 

niAlh^Antcnni Ihctify 

OIA24- -EiNlricil mHfuniMnU imt iMtrumenl* 

— FJ4cini(ni|n«iK 
01^44>^FJcrl^•«11■|n<^K wiw prnpiiilhui 

niMS— RWctrtw m>cnJ*ct)pir. *in nplK* 

(UAH I ~Mifnctuin 

OJ72 l—Hnwwiw 
U.W)l — PhviKil ck<troflki 
n)74<i_Qvinlum clKtrtWKf 
ni7^«>-.X-ri7 ti«ttrKt>fnw 
n)764--X-ny phcnnmcni 
0177:_X ri7 itchnoli>«> 
0]?9II— Olwt (ipKtfyl 

niMM— rkclron billiitK* 
ntH22>.Fkviron tulwf 
nUlft— Ektftrunic d**ict circulirK 
0JII4II — ElfctnmiM initrunKnlKmn 
nlMS^— Bfctran cmmkm 

0}l''i— Oi««>ui ckctfonki 
0}||IIV— SemiccMMjuctor litoinx* 
0]9).Y-«So)«J fiilc clKtronKS 
OJW(v— ^h«T (»p*cify> 

04010 — Cotmic rijn 

040211— Hi|h ciKto McclfUlon 

04(l]^— High tntrgf ph«mwt«iii 

04044— PiilKic delKlpn 

040M— Ph«i*>««i«*>iK»l cuwpurxr inilvtU 

0409Y— Oihcr (ipKiiy) 

041 IV~^iu)ytK>] tnccluniCT 

04|27^Bi)lnlic« imt ntgM djmimiei 

04)}S— FlKtklty 

04|i}— Fnction 

04 ISO— High pmture phytkn 

Q*\h% — Impact phcMimeai 

041 7n — Infinimcnu and mcuuremeati 

04ig2— 0»h«r (ip«ify> 

tiffin 

044 in — AlimNptaric and (pace o^kt 
04424 — CMot, colofwnetry 
044 J 2— Fiber nf<Ki 
04UO— Gfomcincil opiics 
04A22— llot«fnphy 

044S7— InfofiTjaiion Ihwy. communican«w. Iroafc 

tviluation 
044ISS— Intrafcd phcnomna 
04 4 7 } — Intctf rrnmetry 
044ai~Ui«n 

04S1S— t.tftin . . , 

04^23 — Oplkii bHtnimciili. techniqun. atul (tovieei 
04S}1— Optical malcriati 

04549- >PSo(o|nphy, illumlnatinn 
04SSA— niytlca) optict 
04<M— Phytiotottca] optict 
04S72~PTvpcrt>et et thtn (Urn 

04550— RaJiMtictnr, photometry 
04«t 4 — SpKtnwopy 
04697— Oihtt (ipcctfy) 



(M^IH- At'Ctliiahin, Jtttdiwi 

lM:2h'NFutiitn« 

04: 14 -Nitilcar pni|<rnKi 

im;42 'Nmltar icKtiofli uml Kallttini 

(l42^V'-NiKkat ipcctr«H<>py 

l)4:Al--Railialtiin clltcii 

(M!7V-Hadii»a«-1tie malprilt. 

(M2l1»NFaili>n 

(MlW-ShwMinf 

04}W~Olhci Itpccify) 

04711— AciiidynamtCi 

iM?2l— Aert»*»li 

IM7J9— lliiuiMtary layer (fffiti 

(Ia7a7— (.'avilwi anj jcli 

04754— rcmpm*ihlt fluKl dynamki 

047AZ— Kiplmtoit phctHmwfla 

04770 — Hi|h Icmpcraluic flctw 

047118 — incfxnprcuiNc fluid dynamki 

lMllt2— Magfwtii nunl dynamtc^ 

iMHim-plaima ehyiki 

04R}li— Kartfwd |ai How 

IMII4fr~.KhMt|«>fy (UKlutlini plaitk no«) 

rMHl}— ShiKk «a«c pkm)m(na 

4I4IIA1— SirtKiutc and prttp(nl«« nt fliiidi 

t>4ll79— Suprmuldltv 

tM(lil7. -Trampon pScmimfna, JifruihHi 

{MV||-.TutbukiKe 

04(129- ViKwaity 

04«vi>>rHk( (ipc(ily) 

!m1UI Uam fkjtk* 

0<0|7~C(nmk« 

O^OIS— C(n>p<rali*t ttbetKMnena 

OSO.H— Cryilalloiraphy 

O504l>.t>»rlcctnct (includini Hukli) 

{I^O.IH- t>»t<k-atit<oi and plasikity 

050^h~Dynamkt of cryiul latlkri 

0^074— FJrctrieal proptnlei of *urf»cet and lunctkwi 

OSOh:— Electron tmntton 

0S| in — FciTomafnctiun 

Of 12a— ||i|h pnlVinen and glauci 

OSIJ:— Inlcmal friciinn 

nM40—l.all)cc tffccti and dirtuiton 

0SIS7— l.umineKCOCB 

OSIAS— Opiical proeertiei 

0S171-~Pataina|Deliim and dlamatncliim 

OMHI— PttottKonductltrliy and rcliied phcnotnciu 

0S2IS— Pboloctecirk phenomena 

0S:2}~P>eioctectrkiiy and fcmwitctrklly 

0>23l— Ouanitun meehjinkt nf Midi 

OS24() — Radiation dajiia{e 

0S2Sf^RcMMancc phenotncna 

OS 264 — Scmtconducton 

OS 27 2— Supcrtonductivity 

0S2B0 — Surface tlructure and kincllct 

0S}|4 — Thermal conducllon in \M dale 

0.VU2— Thin f)lm< 

0SJ97— OihM Itpecify) 

HWfmUpkyek* 

0S4I)— Citorimelry 
nS42I— Ileat irenuniulmi 
0S4J9— Hi|h tcmpcnturc phyitci 
0S447»Lw Irmperalure Phyikt 
0S4S4»Tcmpcniurc and lb mcuurtmeal 
0S462 — Thermal piopertict 
0 S 4 70— Ttwrmodynam let 

0S4IIU-Thermodynafflk itlaiioni. eqiuikmi ot Ual« 
OSS 1 2— Thermodynamic ubici 
0SS9S— Other (tpecifyl 

QHU — Coauianb. ttafldanh. (initi. melrolAfsr. 

convrnkm t acton 
0S624— Encriy convrrtton pn>bkmi 
0S6J7— FkM theory 
OSMS— High vacuum technique! 
OS6S2~Kinetic ihcohr 
OSMO— Many body theory 
0S«7B_Maihemaikal phytln 
0SU6— Motibauer effect 
0S7I0— Phytlcal metallurfy 
OS72K>-Phytical propettiet of material* 
0S7}A — Ouanium mcchankt 
OS 744— Radiation and health phyiki 
0S7SI— Rrlativtty and invitation 
0S769-^iiiitlcml mechank* 
03r77^Hi(tory of phytica ind/or anrrmomy 
057I5--Teaehta| of phytic* and/or atironomy 
0S79}-Other (tpedfy) 
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OOOii_A*ninn«iry 

0OOJ4— C«i«u«J mfchtnm 
00O42— t'rtiwu. miem, MUrfMtntltnr nwilum 
IWIJ*— <.owtKiKity »nd mrnommy 
nUM7~n«(jfB oT MtnmomKal imlninftiii 

(K)C}71...<),UiMi 

(MIR) -Ni*i|«iinn, {(imWik •Mnmomy 
llon7~<)fi|in ii( aiimtc ny% 
00125— Ph«ji»»miry nl Minwumlcal tnutm 
OOMJ— PhjnK* nl Iht inUnUlUi nwdium 
00|41>>PUmU, MUlitWi 



00174— SpcciniKupy (if MinNM«nk«l Mntm* 
0()lll2>^Sl*i ijnietiu •ml ii*llilk«l HiriKKXTiy 
(NI2I^— Sltlld crM>» iTMiilkm, nuttMifrntiii, 



CW224^TTm lun 
C»2J2>*V*h*Mt lUn 



.'??^J~'^""*''P**"* ch«iniiii)f riilmKiiTttv 

|W4»_Aunwph»iie aynimkt iml ihrimiNfyntmtn 

JMSO-AlminphtiK tlKlikily 

I WAR^ AliTHMphtrK iiptkt *nd Khuiiki 

IV97A— Aum I. •li|low 

1WI14— Ouud *nd prtc^tuikm phnk* 

200lfr— Cownie ri« 

20O2i-.tonotph(rt 

200J 2— MnomlMmlofy 

2t)017_Num.rkil mi»klln| 
l"Oft»— p|«m{»,y iimmptNin 
2rn7»-««dl»Uw iianiUr 
JOnilt— Turttukntt ami dirTiukm 
J0O9«- -tXhtr (ipwify) 



lOlU-ntitMiHMUei 
lOlJO-^HkMifHki 

10)411— Bkuvttcmi, eiifiiiot cnmmunkatkmi 
JOJ35— flkufiermki ami M(icfwr|«lki 
lUJA)— BIctranipiMl, nwmbfitw uhnM 
IOJ7t-C.||uJar 
I01lt«— CryiullotTaphv 

|lM2t— MoIkvUt 



20J|4.>Catal)rM« and luilact chfmiiiry 
• lU22— 4 hftiikat anit phaw ttiuiiibria 
202.in— -crhfrnKii ktnftitt, |ii phai* and 

20241— ^'titmicai kliwiKi, ImuiJ phau 
20JJJ-Cotlokl cbrmtiir* 
?IUM- CrritalU>«taphy 
2H27I— .|'kiiriKhfmit!nf 
202IIV— t-jti»o uanitar and nlaiaiion piMtiiei 
MliJ— HtitMi and •iplntlvci 
20WI -Fuud Mill 
jnnv.-l)i|h ttmptiaiuff thfmiiir> 
20)47 — lim tichanit iml mcniljianc ph(nimwna 
20M4— iMHupt ttua* 
...... . . . jjji^ 

>fi-«l*eiinlytri 
20170— Mokciilai iprciimcofty 
20JIIII— Mokcular «iiu(lur« 
20a>2.>Nuck«r ami ladhKhf miiiry 
2U12(^t*i>l)rinfn in hulk, morph<itii|v, phut 
iianiiiiiwi, rhf«>lt»|y, ami mfchankal 
nfnfi<nki 

204J(I— Pnlymfn In »olulkni; Ihfrmodfnamkt, 

hv^tmdynamk'i. anH ipeclinvrnpy 
2(M4(i— Ouinium and vikiKC ihcnry 
2(M4)_Hj(}uiton and M-ainm chcmtilry 
;04M->S))lkl iiaia chcmiiir> 
]<>4N7.,lh(rniiKhtm)tlnr 



20719— Aaionotnr 
20727— Aurora, alralow 
207JS-Co«mlc ran 
2074 1— OccND iirwiam 
:0730— inurpliMiwy pankki and fkldi 
207hH— [onmphtrt 

20776— Liuuf ami ptuiciary ttophnta/potofy 
207114— Mapwlotphtrte panktet am) wave* 
JURll — Planriary atmoaphtm 
20BIA— JMar phy%k% 
J0SJ4— Takthti and miror^Tci 
201191— OihcT (tpcclfy) 



20917— Etptoraikm ictunolAn 

20925— HtptnraiMKi imphyiKi: |ia*iiy 

209J)— Eaptmilkw |<i)phriict' mafiKtlc 

20441— Ocomainclhm anj •teclikliy 

209)»— Ofi»lry 

2(WM_Mutna geophntct 

2097a_Ph>tkal pmpcnkt al niiural maurlali 

209(12— SeUffik wawt 

21014— Tcctonkt (inciu<tti>| hcai Howl 

21022— Vokanokin 

21097— OOwr (ipfcify) 



OTHER HBLOS OF SOENCE 

nOB02— ACmMphtric Sckncei 
02907— Chemtitnr 
0AII09— Eanh Sckncvt 

0KM7— MathtmaUa 
2400a-Coinputcr Scknc* 
09II0}— 5utiitka 

l2S0O-Arkutlural ScknoM 

12609— aioloftcal and aiomcdkal Seicncf* 

I4T04— Piythokty 
i 3 206— AnlAn>pok>|y 
IA7Q<)— Economta 
17I0A— Unnblki 
1 190)— PolitMal Science 
1910?— Sock>lo0 

31I0S— Other (%pK\ty) 
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1970 NATIONAL REGISTER 
OF SCIENTIFIC AND TECHNICAL PERSONNEL 
M.it. ... PHYSICS ANO IN THE MEtD OF ASTRONOMY CONDUC rcu TMf. 
»Mr.fiicAN iNSTiTwre of p«hy«ics 

til ikiT iiiH imiit Niw T«m« Ti>"H iooi» 



rK*m»*l l*.*mf •mnwaii A,..,..,,,..^, ...... - 



r 



■ tin Mil* iiiN iNtiniO 



ADhMtll AMI 



' - ... . ..I iVl- ..r Junit^illtll 



I.I Ihp otl.»r «m«tuf4Unn» U»k<l 



.„til>V tirii. 1, <iv' "^'^'''y »""'^'''- ' 



«1«'i O" »o"iinN cnuNtMY or < *•* 



$ CITIIININIP 

1 ; 1 u«» 



N Ul • ItlwlfF MWBl 



POUCATION 

fi I_.>UVIlll Ul 



» nTHin iH«titutioN 



tt yuu arr 
LI • 



, .liMl-nl -ttrnJinit * cnlt.-ite -r un.vertity. cl.rfk your .t-t«U 



PROFESIIONAL IDENTIFlCATIONt [ 

H 1 int»rtl my»«lf prof^MKMwIly i» " 

. AHTMIiNOMr.M 

□ fl4» . ASrHOfHYSll'lHT 

p 0.1 . ATMOsrMKHir niYnii'iHr 

□ oi« .nio»'HY«tri«T 

^ .CHKMirAL PHYSICIST 

rROFKSBIONAL t M PLO Y M E NT: [ 
9 ChrcV your rmploym^ni lUttu. 

□ I . K>»P«.<>Yi:i> riil.i-TtM* 



Q ll» .I'MYSTALMHiHAI'IIKM 

I] lU- HI.M TMdNlC I'lhSICIBT 

n m-UKOI-MYHIClUT 

P HEALTH PHYSU'tST 

□ IV. 'Mt«T«>MtAN OK l-HYmrS 



□ 111 . Ml'UICAL PHY«I';WT 

□ tlT.I'MYSIClST 

□ 111 .RAlilllLOaiCAI. PHYHICrtT 

□ til-BPACK PHVmCIBT 

□ Ml . OTHF.H (»sw»il»l 



-< 1 tMPM»Yr.ti P»«T TIMK 



UNF.Mi'i.ov»;n •si> sKKits*; rHPi.oYMKST n 



.S'TT rMfiJorhV Ann N<iT ii;».MmBEn 



10 plr«r Hive niiin- of prwnt piiiKip-l employ n 
pitMHI poaiUoit. 



nipl«y«l wnte m 'Vir ). *ctu.l pUc of en.ploytnFnt. and uUt. 



r nilUi* 



11 Chp».k Ih* ho"* nf lh« c<»U(ory which u mo.t -ppro^rl.t* far your 
Q t . pk1V»rK INDtrsTkY l>H itrsiswn 

a 1 !chLl.r»ir«M^*WIVr.MlTY. WHKB THAN MKn-Cl. HCltrHll. 

□ I . miuk:ai. acH'HJi. 

n le • JIIMIUR COLLf.CK 

n i-aHtDNDABY OR ELKMIMTARY SCHOOL BYSTKM 

□ 1 . rEDlRAL GOVEHNMKr^T-ClVlLtAN RMPWYCE 
Q ^. L'!»PH». MILITART MMVirR-ACTlVE DUTY 

If Miditlorully emplaywl. *t\lrr on th» Itne it th« 



prmcnt principal employer (check otUy one). 

□ « . STATE GOVERNMENT 

□ 11 . INTr-RWATIONAL AGKNCY 

□ II . OTHf.M i;oVKIISliKJ>rT AORMCY l.t-rlffi 
n »» . PBIVATR HOSPITAL UK CLINIC 

n u-MONPROrlT HOBPITAL OB CLINIC 

n 7 . NoMPRorrr omcasiiatiow. othir than hobpitau 

Ct.lNtC DR lt>i;C»TIDWAL IWaTITUTIOW 
Q OTHKR UP~l»»l 



li HumNr your flni mci Impoiuni kind of irtlvily. 

on lh» approphat* hn«« below 

It . MAWAOIMENT Oil ADMIN ISTRATtON Of BWEABCH 

AND DlVJtLOrMKWT 
II . MAMACEME^rr OR ADMINISTRATION OF OTHER 
THAN RBtfCAaCK AND DI%ELn?MINT 
t . RASIC IU»KARCH 
T • APPUED REIEARCH 

,J:IJt5w**SR OTHER TECKNJCAL WRtTWa EDmNO 

11 . KOUtPMENT OR T«TEMM RMEARCH 



m lerm. of workln* time devotad. by entwrtni "l" and T 

« . DKVrUIPMEKT 
|« . TratT tir.VEU*PMENT 

a« . itpjiinM 

H . DATA COMPILATION. PROCEMINO 
Ta : SAl!L".'-:.'K«^;:aURCH«INO. ESTIMATING 



OTKER UV^*9i 
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13 From th« »p«<i.lli«» owrrlral). I'lrct *n.l rntrr Uth thf niitTi»*i 



to your PKF.SE.vr princtpal pmploym*nt. 



I (itir uf thr M'ipTiiitic iprctiilly 
your tpv^'uliy if it i» not oii thf Iwt 



4 I. ANY i>( your 



I ^,*ir<< .uppor;«^l or li.iruorril by U S Gi»vprrimrnt (un4*: 



U yn 


u your vkorl( 


r«-,iit<^l to at 


y oi 0-^ loll 


L .^ A • 


Ar.KII-Kl.TlIKi: 




. IIKAI.TII 


; M 


ATDMlr rMCKi 












■ INTKHNATI 


□ u 


KUIlritTlUN 




■ KATt^KAI. 



.No tViti't know 

N i;u»AS j>r.vKJ.iii')«r: 



NOTfi Salary and lne»«t Hiftrmatlaii li ritardid ai eoaftdiiitlal and ki Hiid fir itatlitleat pjrpaiii pn'r. It NOT 
U ralitlid U asy war " Idantlllid wim yiy, 



IS 1970 BASIC ANNUAL SALAKY. Wri«r icive d-r U<ic Annual !u.Ury .w*k'i.1«^I with yo.ir prmnp-l pr..f«»i..ii«l w.-rk to tli. 
- - huii(ir«tJ (iollars 



It »c«tlrfnJcmUy wrployKi. chrck whrthrr wlary 1> for □ 9-10 mo«. or □ 11-12 mo«. 
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688 PHYSICS IN PERSPECTIVE 



SPECIALTIES LIST 

FOR USE WITH 

1970 NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL 



In Ihc xeciiont PROFHSSIONAI. EMPLOYMENT and SC'IFNTll-IC COMPETENCE on the J970 Na- 
lionul Reamer Ouc^lmnniurc you arc requeued In >clccl fnim ihn list the specialJy mwt clowly related to your 
prcicnt empl<*yment (item I J) und iho^ in wliich you con&ider yuu have your ^eatesi prnfestional eompctence 
(iicm IH). Pled.ie use Ihe »|)cciaUy title from thij Itit; if you select the "Other" category, use that code number 
and write in your uson brief specially title. 



Acouftfici 

S 77 1 —Architectural acouU>c% 

3772— Hearing 

5773— MuMC 

5774~Noisc 

577.S_shock waves 

577<v-Spcech 

5777 — Ulirasonicj 

577 K — Underwater sound 

57K I— Vibrations 

5789— Other (specify) 

Atnmi ud Molceulcs 

5791 — Atonik: and niolerttlar itmi 

5792— Atomic. mulecu;ar. and electron beams 

5793— Atoms with Z '2 

5794 — Collnion procesirs 
57y5-~Free radicals 

5796— Hydrofcrn and helium aiomt 

5797 — Inorganic motcculet 

5798— Mncromolecules and polymers 

5R0I — Mesic and muonic aloms aiid moleculet 
5802— Organic molecules 
5809— Other (specify) 

Biophyiks 

5961 — Hiaacoustics 
59b2~->Bioelectricity 
596> — Bioenergeiics 

5964 — Biotngical molecules 

5965— Bio-4)piics 

5966~Mealin and medical physics 
59ft9— Other (specify) 

EJcelroniBjEiiclbiii 

5D|] — Electrical quantiiic; and their measuremer' 
5812— Generation of electromagnetic waves 
5K!jt — Infrared, visible, and ultraviolet radiation 

5814— -Interaction of electromagnetic waves with 
matter 

5815 — Magneti<im 

5816— Propagation of elcctmmagnetic wave) 
SB 1 7 — Radiowaves and micruwaves 

5818 — X-rays and gamma rays 

5819— Other (specify) 

FJcmcotary Pvticka *«i FIcUb 

5821 — Cmmic rays 

5822— Klectromagnetic fields, phntims 
5823~(>ravilational fields, gravitons 

5824— Madrons 

5825— I^ploos 

5826— Quantum field theory 
5829'-Other (specify) 

Finds 

5831 — Dispcnions and colloids 

5832— Ek.'ric dischaigf* 

5833— Ftuid mechanics 

5834— Oases 
3835— Ion ixation 

5836 — liquids 

5837— Magncioftutd dynaraics 

5838 — Plasmas 

5841 — Quantum fluids 
5849— Other (specify) 



liutnimeiitJt)Oii 

597t — Antennae, radiators 

5972 — Astronomical 

5973— Beam handling 

5974 — Circuits and circuit elements 

5975 — Communication 

5976— Electronic 

5977 — Energy conversion 

5978— High pressure 

5981— High temperature 

5982— tntormation storage 

5983 — Lasers and masers 

5984 — Measuring, testing, and calibrating 

5985 — Microscopes 

5986— NMR-EPR 

5987— Nuclear reset nrs 

5988— Particle accelerators 

5991— Partiele and beam sources 

5992 — Particle detectors 
5993 — Photographic 

5994 — Plasma containment 

5995 — Radio and microwave 

5996— Radio astronomy 

5997 — Semiconductors 

5998 — Spcciroicopes 
600 1 — 1 etescopes 

6002 — Thermometry;; 

6003— Vacuum 
60CW — X-ray 

6009 — Other {specify) 



Mecbajiics 

5851 — Analytical mechanics 

5852 — Celej;ial mechaa'ca 

5853— Con* jnuun. mechanics 

5854 — Elasticity 

5855 — Friction 

5856— Many body theory 

5857— Measurement of mechanical properties 

5858 — Pliisticity 

5861 — Quantum mechani'es 

5862 — ^Statistical mechanics 
5869 — Other (specify) 



Ndelcl 

5871 — Nuclear decay and radioactivity 

5872— Nuclear reactions and scattering 

5873 — Nuclear stniciure and energy levels 
5879— Other (specify) 



Optio 

5881 — Colorimctiy 

5882— Oeometric optics 

5883 — Holography 

5884— Lasers 

5885 — Nnn-linear optics 

5886— Photography 

5887— Photometry, radiomctry, and iHumm^tioti 

5888— Physical optics 
589 1 — Spectroscopy 
5892— Vttton 
5899— Other (specify) 



Appendix A 1689 



Pbjftkil CiMmittr; 

5671— Caialysb 

5t>72 — Chemical and phase equilibria 

5673 — Chemical kinelfej, gas phase und pholo- 
chemistry 

5674 — Chemieal kineties. liquid phaM: 
5ft7S — Colloid chemijiry 

5 676— Cryjta I logr J phy 

5677— OlccirochemHiry 

5678— Eleetrof/c spetirowopy, including far IJ.V. 
5681 — Energy inm^fer and relaxation pri)te>v.* 
SftH2— Equilihrium and thermodynamic fclalion%hip< 
56K3— Fast reactions 

5f(R4 — Flames and explosives 

5ftH5-^Fu!icd salts 

5686— High temperature chemiMry 

5f,K7 — Interfaeia) chemistry 

5ftR8 — Ion exchange and memhrane phenomena 

5692— Liquid state and wlutions; cleetrolytcs and 
non'Cleetrolyte^ 

5693— Molecular spcctro«:opy 

5694 — Molecular structure 
5695_NueIear and radiochemistry 
5696 — Quantum and valence theory 
56*;7— Radiation and hot-atom rhemiUry 
569R— Scattering phenomena 

5701 — Solid state eheniiOry 
5703 — ThermiKhemiMry 
5709— Other (speeify) 



iMMId-Fjirth C*ophjik% 

5161— txploratiiin. gravity 

5162- E-spIoration, mapnelie 
5i63 Exploration seismology 

5rt>4 Geomagnetism and paleomagnetism 

5165— Gravity 

5166— Heat flow 

5167— Physieal pfi>per1:es nf natural materials 

5168 — Seismology 
5J7J — Teelonics 
5172— Voleanology 
5179— Other fspeeify) 



Solidi 

5901— Aeoustie properties 

5902— Alloys 

5903— Cryvtal growth 
5900— Crystal !ktrueture 

5905 — Dendrite* and eomposites 

5906— Dieleetries 

5907— DiHusion «n solids 
590li_E]eetron states 

591 1_Eleetron transport and carrier properties 

5912— Imperfections 

5913 — Interaction of radiation with solids 

5914 — Lattice meehalttc^ 
59l5_Luminescenee 

59 1 6— Magnetic properties 

5917 — Magnetic resonance 

5918 — Mechanical properties 

5921— Metallic conductors 

5922 — Mossbauer cITcct 

5923 — N on •crystalline states 

5924 — Optical properties 
S«25 — Semiconducton 

5926— Solid state device* 

5927 — Superconductor* 

5928— Surfaces, inlcrfaccs, films 
5931— Thermal properties of mMs 
5939— Other (specify) 



Thimnal Physkx 

5941— High temperature phy>ics 
V;42 ~Kinetie theory 
.^943— Low temperature physics 
.^(^44 — phaxc transitions, changes of state 
— Statistical mechanics 

5946 — Thermal measurement techniques 

5947— Thermal properties 

5948— -ThermiHlynamics 
yiSl — Iransport phenomena 
S';5'^-"0ther (s|)ccifyl 

Atrnnsphenc Stowcture and Djoiinic* 

4991- -Arr'nomy 

4992 — Airseu interaction 
4993>-Atmospherie chemistry and radioactivity 
4994_Atmmpherie dynamics, thermodynamics 

4995— Atmospheric electricity 

4996 — Atmospheric optics and acoustic* 

4997 — Aurora, airglow 

4998— Cloud and precipitation physics 

5001 — Cosmic rays 

5002 — Ionosphere 

5003 — Mcsomctcorology 

5004 — Micromctcorology 

5005 — Numerical modeling 

5006— Planetary atmospheres 
5(K)7— Kadiative transfer 

5008 — Turbulence and diffusion 

5009— Other (specify) 

SolarwPtaoetBfT Rc(atioitsU|M 

5331 — Acronomy 

5332 — Aurora and airglow 

5333— Cosmic rays 

5334 — Cicomagnctic puU<ittons 

5335 — Interplanetary particles and fields 

5336 — Ionosphere 

5337 — Magneto* pheric particles and waves 

5338— Solar and planetary physics 
5341 — Solar wind 

5349— Other (specify) 

Ptinctoloiiy 

5301 — Interplanetary matter 

5302— Lunar and planetary gWogy 

5303— Lunar and planetary geophysics 

5304— Meteorites and tektites 
.^305 — Planetary atmospheres 
5306 — Planetary magnetic fields 
530*J— Other (specify) 

Additional Astrophyvicil SpecUltks 

601 1— Binary stars 

6012— Clusters 

6013— Comets, meteor*, interplanetary medium 
60 1 4 — Cosmology 

6015— Galaxies 

6016 — Intenitellar medium 

6017— Planets and satellites 

6018— Ouasars. pulsars. X-ray sources 

6021— Stellar composition 

6022— Stellar evolution 

6023— The Sun 
6029— Other (speeify) 

Other Speclahtcs 

6031 — History of physics or astronomy 

6032— Mathematical physics 

6033— Philosophy of physics or astronomy 

6034 — Physics information, dissemination ^nd 
rcirlcvat 

6035— Relativity, Rravitatlon 

603ft— Teaching ofphysies or astronomy 

6037— Units, eonslanu. standards, conversion f acton 

6039— Other (specify) 



OTHER FIELDS OF SCIENCE 
535tl — Atmospheric Sciences 
5760 — Chemistry 
.^360~Earth Sciences 

6210 — Mathematics 
6330 — Computer Science 
6350— Statistics 

6590 — Agricultural Science 

6580 — Biolo^al and Biomedica] Sciences 

6790— Psychology 
6900 — A nth ropoTogy 
7050 — Economics 
7160 — Linguistics 
7270— Political Science 
7360 — Sociology 

9990— Other (specify) 
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1772 PHYSICS IN PERSPECTIVE 



PhD's 



Non-PhD's 



PP 



PP 



A&R 








5823 


Gravitational fields, 


26 


8 




gravitons 






6014 


Cosmology 


16 


8 


6015 


Galaxies 


45 


17 


6018 


Quasars, pulsars, x-ray 


84 


40 




sources 






6035 


Relativity, gravitation 


77 


35 


AME 








5673 


Chemical kinetics, gas 


26 


18 




phase, and photochem- 








istry 






5684 


Flames and explosives 


8 


32 


5693 


Molecular spectroscopy 


101 


51 


5694 


Molecular structure 


26 


17 


5696 


Quantum and valence theory 


22 


9 


5791 


Atomic and molecular ions 


51 


38 


5792 


Atomic, molecular, and 


106 


66 




electron beams 






5793 


Atoms with 2 > 2 


47 


17 


5794 


Collision processes • 


208 


93 


5795 


Free radicals 


6 


7. 


5796 


Hydrogen and helium atoms 


22 


30 


5797 


Inorganic molecules 


3 


9 


5798 


Macromolecules and polymers 


69 


24 


5801 


Mesic and muonic atoms and 


11 


7 




molecules 






5802 


Organic molecules 


8 


10 


5809 


Other (atoms and molecules) 


52 


28 


5942 


Kinetic cheory 


14 


4 



Overlap Group 

5861 Quantum mechanics (1/2) 
5986 NMR-EPR instrumenta- 
tion (1/4) 
Spectroscopy (1/2) 



29 
5 



5678 


Electronic spectroscopy 


7 


6 




including far uv 






5891 


Spectroscopy 


71 


75 


5998 


Spectroscopes 


5 


12 




X rays (1/5) 






5818 


X rays and gamma rays 


12 


15 


6004 


X-ray instrumentation 


8 


13 




Modern optics (1/4) 






5698 


Scattering phenomena 


3 


3 


5814 


Interaction of electromag- 


27 


19 




netic waves with matter 






5884, 


Lasers 


82 


71 


5885 


Nonlinear optics , 


20 


10 


5983 


Lasers and masers 


6 


10 
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PP 3 EP 



PhD ' s Non~PhD*s 



99 Al 



5821 Cosmic rays 

5822 Electromagnetic fields, 94 48 

photons 

5824 Hadrons 

5825 Leptons 

5826 Quantum field theory 
5829 Other (elementary-par- 
ticles and fields) 

Overlap Group 

5861 Quantum mechanics (1/4) 14 

Beams (1/2) 
5973 Beam handling 
5988 Particle accelerators 63 40 

5991 Particle and beam sources 5 5 

5992 Particle detectors 21 26 



741 312 

94 42 

129 73 

111 66 



8 6 



pp 4 NP 



5695 


Nuclear and radio 
chemistry 




6 


13 


5697 


Radiation and hot- 


atom 


5 


7 




chemistry 






84 


5871 


Nuclear decay and 


radio 


132 




activity 






279 


5872 


Nuclear reactions 


and 


593 




scattering 






198 


5873 


Nuclear structure 


and 


400 




energy levels 




220 


186 


5879 


Other (nuclei) 




5966 


Health and medical 


162 


336 




physics 






138 


5987 


Nuclear Reactors 




128 



Overlap Group 

X rays (1/5) 

5818 X rays and gamma rays 12 

6004 X-ray instrumentation 8 13 
Beams (1/2) 

5973 Beam handling 8 ^ 

5988 Particle accelerators 63 40 

5991 Particle and beam 5 5 

sburces 

5992 Particle detectors 21 26 
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PliD's 



Non-PhD's 



PP 5 



P&F 



583.1 Dispersions and colloids 

5832 Electric discharges 

5833 Fluid mechanics 
583A Gases 

5835 Ionization 

5836 Liquids 

58A9 Other (fluids) 

5853 Continuum 

5937 Magnetofluid dynamics 

5838 Plasmas 

599A Plasma containment 

Oje2->lap Group 

Thermal (3/10) 
5682 Equilibrium and thermo- 
dynamic relationships 
59Ai High-temperature physics 
59A4 Phase transitions and 

changes of state 
59^5 Statistical mechanics 
59A6 Thermal measurement 

techniques 
59^7 Thermal properties 
59A8 Thermodynamics 
5951 Transport phenomena 
5959 Other (thermal physics) 
5981 High temperature' instru- 
mentation 
6002 Thermometric instrumen- 
tation 

5775 Shock waves (A/5) 



5671 Catalysis 

567A Chemical kinetics, liquid 
phase 

5676 Crystallography 

5692 Liquid state and solu- 
tions; electrolytes and 
nonelectrolytes 

5701 Solid-state chemistry 

5815 Magnetism 

58Ai Quantum fluids 

5856 Many-body theory 

5858 Plasticity 

5862 , Statistical mechanics 

5902 Alloys 

5903 Crystal growth 
590A Crystal structure 



5L 37 

257 U5 

20 13 

I 5 

23 21 

2A 38 

63 24 

28 11 

A88 211 

8 12 



2 1 

8 A 

U 9 

20 8 

5 7 

A 6 

5 9 
U 8 

6 5 
0 2 

0 3 

28 38 



5 2 

A 1 

A8 38 

10 6 



23 9 

33 Al 

53 22 

31 lA 

7 3 

52 11 

5A 29 

A3 31 

30 29 
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PhD's Non-PhD's 

PP 6 CM 



5905 


Dendrites and compos it es 


6 


3 


5906 


nielertric? 


Al 


33 


5907 


Diffusion in solids 


A6 


17 


5908 


Flpr»t*"rr)n RfnfPK 


139 


55 


5911 


Electron tirunspor t and 


156 


87 




carr ier proper t ies 






5912 


Imperfections 


105 


A2 


59X4 


Lattice mechanics 


60 


34 


5915 


Luminescence 


66 


41 


5916 


Magnetic properties 


2A2 


125 


5917 


Magnetic resonance 


258 


126 


5918 


Mechanical properties 






5921 


Metallic conductors 


29 


17 


5922 


Mossbauer effect 


7A 


36 


5923 


Noncrystalline states 


3A 


17 


592A 


Optical properties 


218 


110 


5925 


Semiconductors 


305 


254 


5926 


Solid-state devices 


311 


237 


5927 


Superconductors 


17A 


91 


5928 


Surfaces, interfaces, 


260 


232 




films 






5931 


Thermal properties of 


33 


39 




solids 






5939 


Other (solids) 


1A5 


135 


59A3 


Low- temperature physics 


158 


92 


5978 


High-pressure instru- 


8 


10 




mentation 






5982 


Information storage 


20 


27 


5997 


Semiconductors 


10 


28 


Overlap Gvoup 








Mechanics (1/A) 






5861 


Quantum mechanics 


lA 


3 




NMR & EPR (3/A) 






5986 


NMR-EPR instrumentation 


15 


14 




Mechanical (1/2) 






585A 


Elasticity 


10 


5 


5855 


Friction 


1 


4 


6003 


Vacuum 


11 


38 




Ultrasound (2/3) 






5777 


Ultrasonics 


51 


52 


5901 


Acoustic properties 


20 


10 




X rays (3/5) 






5818 


X rays and gamma rays 


36 


45 


600A 


X-ray instrumentation 


2A 


39 




Measurement and instru- 








ments (1/2) 






5811 


Electrical quantities and 


10 


26 




their measurement 
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PhD's Non-PhP's 

PP 6 CM 

Overlap Group 



PP 7 



5857 


Measurement of mechan- 


13 


23 




ical properties 






5913 


Interaction of radiation 


94 


64 




with solids 






5976 


Electronics 


51 


160 


6009 


Other ( instrumentation) 


41 


108 


6037 


Units f constants , stan- 


2 


6 




dards , conversion factors 








Shock waves (1/5) 






5775 


Shock waves 


7 


9 




Thermal (7/10) 






5682 


Equilibrium and thermo- 


4 


3 




dynamic relationships 






5941 


High-temperature physics 


19 


8 


5944 


Phase transitions , changes 


33 


20 




of s ta t c 






5945 


Statistical mechanics 


47 


18 


5946 


Thermal measuremen t 


11 


16 




techniques 






5947 


Thermal properties 


10 


15 


5948 


Thermodynamics 


12 


20 


5951 


Transport phenomena 


33 


19 


5959 


Other ( thermal physics) 


13 


12 


5981 


High— temperature instru- 


1 


4 




mentation 






6002 


Thermometric instrumenta- 


1 


6 




tion 








Modern optics (1/4) 






5698 


Scattering phenomena 


3 


4 


5814 


Interaction of electromag- 


27 


19 




netic waves with matter 






5884 


Lasers 


20 


10 


5885 


Nonlinear optics 


20 


10 


5983 


Lasers and masers 


6 


10 


E&P 








4991 


Aeronomy 


24 


27 


4992 


Air-sea interaction 


1 


4 


4993 


Atmospheric chemistry and 


11 


7 




radioactivity 






4994 


Atmospheric dynamics, 


7 


17 




thermodynamics 






4995 


Atmospheric electricity 


6 


9 


4997 


Aurora, airglow 


9 


20 


4998 


Cloud and precipitation 


16 


15 



physics 
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PhD*s 


Non 


E&P 








5001 


Cosmic rays 


6 


4 


5002 


Ionosphere 


28 


34 


5003 


Mesometeorology 


1 


5 


5004 


Micromet eorology 


0 


5 


5005 


Numerical modeling 


13 


9 


5006 


Plane tar y atmospheres 


14 


8 


5007 


Radiative transfer 


31 


21 


5008 


Turbulence and diffusion 


12 


10 


5009 


Other (atmospheric struc- 


18 


17 




ture and dynamics) 






5028 


Rocket meteorology 


0 


0 


5031 


Satellite meteorology 


0 


0 


5161 


Exploration , gravity 


2 


5 


5162 


Exploration, magnetic 


5 


3 


5163 


Exploration , seismology 


24 


23 


51.64 


Geomagnetism and paleomag- 


5 


12 




netism 






5165 


Gravity 


3 


8 


5166 


Heat flow 


1 


1 


5167 


Physical properties of 


16 


9 




natural materials 






5168 


Seismology 


12 


24 


5171 


Tectonics 


1 


0 


5172 


Vo Icanology 


0 


0 


5179 


Other (solid— earth geo- 


21 


8 




physics) 






5185 


Physical oceanography 


11 


14 


5191 


Underwater sound 


n 
u 


n 
u 


5199 


Other (oceanography) 


10 


14 


5302 


Lunar and planetary geology 


7 


10 


5331 


Aeronomy 


23 


12 


5332 


Aurora and airglow 


23 


16 


5333 


Cosmic rays 


11 ■ 


30 


5334 


Geomagnetic pulsations 


7 


3 


5335 


Interplanetary particles 


26 


14 




and fields 






5336 


Ionosphere 


1 7 




5337 


Magnetospheric particles 


78 


50 




and waves 






5350 


Atmospheric sciences 


33 


46 


5360 


Earth sciences 


24 


39 


Ovevlap Group 








Solar/planetary (1/2) 






5338 


Solar and planetary 


26 


20 




physics 






5341 


Solar wind 


11 


5 


5349 


Other (solar /planetary) 


6 


5 


6023 


Sun 


46 


21 


4996 


Atmospheric optics and 


15 


12 




acoustics (1/2) 
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PhD's Non-PhD's 

PP 8 PB 



5688 


ton exchange and membrane 


3 


A 




phenomena 






5962 


Dloelectr Icity 




i. 


5963 


Bioenerget Ics 


g 


8 


596A 


Biological molecules 


on 


1 7 


5969 


Other (biophysics) 


89 


A9 


6580 


Biological and biomedical 




3A 




sciences 






Overlap Group 








Hearing (2/5) 






5772 


Hearing 


c 


6 


5776 


Speech 


7 




5961 


Bloacouscics 


3 


2 




Hio-opcics (1/3) 






5892 


Vision 


3 


2 


5965 


Blo-optics 




9 


Opc ics 






5813 


Infrared, visible, and uv 








radiation 






5881 


Colo rime Cry 


7 


16 


5882 


Geometric optics 


1 1 
Jl 


/.vj 0 


5883 


Holography 


IL 




5886 


Photography 


£. 


1 1 A 


5887 


Photometry, radiometry, 


J ? 


209 




and illumination 






5888 


Physics optics 


Q S 

yo 


1 AA 


5899 


Other (optics) 


IDA 


286 


5985 


Microscopes 


c. 

\j 


1 Q 

X. V 


5993 


Photographic instrumenta- 


7 


A3 




tion 






Overlap Group 








Measurement and instru- 








ments (1/2) 






5811 


Electrical quantities and 


10 


26 




their measurement 






5857 


Measurement of mechanical 


13 


23 




properties 






5913 


Interaction of radiation 


9A 


6A 




with solids 






5976 


Electronics 


51 


160 


6009 


Other (instrumentation) 


41 


108 


6037 


Units, constants, stan- 


2 


6 




dards, conversion factors 








Spectroscopy (l/2) 
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PliD'a 



Non-PhD\s 



PP 



PP 10 



PP 11 



Optics 

Overlap Group 



5678 


Electronic spectroscopy 


7 


6 




including far uv 






5891 


Spectroscopy 


71 


75 


5998 


Spectroscopes 


5 


12 




Bio-optics (2/3) 






5892 


Vision 


7 


5 


5965 


Bio-optics 


6 


4 




Modern optics (1/2) 






5698 


Scattering phenomena 


6 


7 


5814 


Interaction of electromag 


J- 55 


38 




netic waves with matter 






5884 


Lasers 


163 


141 


5885 


Nonlinear optics 


41 


20 


5983 


Lasers and masers 


12 


21 


5996 


Atmospheric optics and 


15 


12 




acoustics (1/2) 






Acoustics 






5771 


Architectural acoustics 


10 


35 


5773 


Music 


8 


7 


577A 


Noise 


33 


120 


5778 


Underwater sound 


155 


407 


5781 


Vibrations 


21 


55 


5789 


Other (acoustics) 


33 


57 


Overlap Group 








Ultrasound (l/3) 






5111 


Ultrasonics 


26 


26 


5901 


Acoustic properties 


10 


5 




Hearing (3/5) 






5772 


Hearing 


9 


9 


5776 


Speech 


9 


6 


5961 


Bioacoustics 


i 


3 


As trophysics 






6011 


Binary stars 


23 


19 


6012 


Clusters 


14 


1 


6016 


Interstellar medium 


66 


32 


6021 


Stellar composition 


32 


29 


6022 


Stellar evolution 


50 


22 


6029 


Other 


129 


85 


Astronomy 






5852 


Celestial mechanics 


61 


69 
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PhD's Non-PhD^3 

PP 13 Interplanetary 

5301 Interplanetary matter 9 2 

!>'30A Meteorites and tektltes 5 1 

5305 Planetary atmospheres 30 11 

5306 Planetary magnetic fields 2 2 
5309 Other (planetology) 6 6 
6013 Comets, meteors, inler- 15 10 

planetary medium 

6017 Planets and satellites 26 18 

PP lA Instrumentation 

5972 Astronomical 32 . 29 

5996 Radio astronomy 39 17 

6001 Telescopes 5 14 

PP 15 Overlap with E&P (1/2) 

5338 Solar planetary physics 26 20 

53A1 Solar wind 11 5 

53A9 Other (solar/planetary) 6 5 

6023 Sun ^6 21 
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